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Abstract 


This  report  is  the  first  of  a series  of  reports  covering 
the  maintenance  of  airfield  lighting  systems  and  related 
equipment.  The  theory  of  operation  of  these  systems,  preven- 
tive maintenance  procedures,  and  general  maintenance  will  be 
discussed  in  subsequent  reports.  It  is  contemplated  that  these 
reports  will  constitute  a complete  airfield  lighting  maintain- 
ance  manual. 

This  report  includes  four  types  of  troubleshooting  pro- 
cedures for  series  airfield  lighting  systems.  The  several 
procedures  are  offered  for  consideration  and  evaluation.  It  is 
not  intended  that  all  will  be  included  in  the  final  draft  of 
the  maintenance  manual.  The  troubleshooting  procedures  in- 
cluded are  (1)  a detailed  step-by-step  procedure,  (2)  a complete 
troubleshooting  chart,  (3)  a brief  step-by-step  procedure,  and 
(4)  a procedure  for  troubleshooting  by  symptoms. 
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LO  GENERAL  INFOimilON 
lol  Step-by-Step  Procedures 

A step-by-step  troubleshooting  procedure  is  a method  of 
isolating  and  locating  faults  by  performing  a predetermined 
set  of  checks  and  measurements  in  sequence  to  locate  a fault 
rapidly  and  reliably.  Of  the  possible  methods  of  locating 
faults  in  series  circuits  of  airfield  lighting  systems^  this 
method  generally  obtains  the  best  resultSo  The  skilled 
troubleshooter  generally  uses  a step-by-step  procedure,  often 
developing  it  as  he  works.  Use  of  a well  developed  step-by- 
step  procedure  requires  a minimum  of  experience  and  covers  a 
maximum  of  possible  situations.  The  purpose  in  developing  the 
procedures  given  in  this  report  is  to  systematize  and  general- 
ize the  steps  used  so  that  one  will  go  directly  to  the  fault 
with  a minimum  of  time  and  effort. 

Three  types  of  step-by-step  procedures  are  given  here. 

The  first  is  a detailed  procedure  given  in  the  form  of  instruc- 
tions for  a test  or  cheeky  the  possible  results  of  this  test  or 
checks  and  the  probable  cause  or  corrective  procedure  for  each 
resuito  The  complete  procedure  covering  a number  of  systems 
is  quite  lengthy  when  given  in  detail,  but  in  practice  the  num- 
ber of  steps  required  to  locate  any  given  fault  is  not  greato 
Generally  only  four  or  five  steps  are  required  to  locate  the 
fault. 

The  second  procedure  is  in  the  form  of  troubleshooting 
charts  based  on  the  detailed  step-by-step  procedure  but  pre- 
sented more  briefly  and  in  a block  diagram  form. 

The  third  procedure  is  an  abbreviated  form  of  the  first 
which  assumes  that  the  maintenance  personnel  is  familiar  with 
general  maintenance  and  testing  procedure  and  is  familiar  with 
the  operation  of  the  individual  circuits, 

1,2  Troubleshooting  by  Symptoms 

The  fourth  method  of  troubleshooting  given  is  trouble- 
shooting by  symptoms.  The  usefulness  of  the  symptoms  method  for 
troubleshooting  will  depend  on  the  ability  of  the  maintenance 
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personnel  and  their  familiarity  with  the  circuits  and  equip- 
ment involved.  Certain  types  of  troubles  may  be  located 
directly  from  the  indicated  symptoms^  but  many  of  the  faults 
in  airfield  lighting  require  some  form  of  step-by-step  pro- 
cedure in  combination  with  the  indicated  symptoms  to  locate 
the  fault.  The  troubleshooting  procedure  by  symptoms  given 
in  this  report  is  such  a combination. 

1.3  Precautions  for  Troubleshooting  Series  Circuits 

Series  lighting  equipment  and  some  of  the  troubleshooting 
tests  involve  voltages  which  are  dangerous.  For  the  protection 
of  personnel  and  equipment,,  certain  precautions  must  be  ob- 
served when  troubleshooting  these  circuits.  In  general  these 
are  the  usual  high-voltage  safety  rules.  The  step-by-step 
procedures  are  designed  to  avoid  measurements  or  handling  of 
high  voltages  except  when  there  is  no  satisfactory  alternative. 
Personnel  doing  testing  and  troubleshooting  must  be  experienced 
in  high-voltage  techniques  or  must  be  adequately  supervised. 

All  maintenance  personnel  should  be  adequately  trained  in  giv- 
ing artificial  respiration  and  in  the  emergency  procedures  for 
treatment  of  electric  shock.  Use  suitable  precautionSo  even 
when  handling  low  voltages  (120-480  volts);  they^  too,  are 
dangerous. 

1.4  Equipment  Covered  by  this  Troubleshooting  Procedure 

This  procedure  is  applicable  to  all  of  the  various  types 
of  series  lighting  circuits  commonly  used  for  runway,  over-run, 
approach,  boundary,  or  taxiway  lighting,  with  or  without  iso- 
lating transformers.  The  treatment  is  general  enough  for  all 
series-type  fixtures  and  units,  all  types  of  wire  and  cable, 
whether  direct-burial  or  in  ducts.  The  procedure  is  based  on 
the  types  AN-R-17  and  NC-3  regulators,  l^pe  II  airport-lighting 
control  panels,  specification  AN-C-109  runway-selector  cabinets, 
and  type  R-C-O-C  oil  switches.  The  instructions  and  results 
are  stated  in  terms  general  enough  to  apply  directly  to  nearly 
all  other  types  of  equipment  and  can  easily  be  adapted  for  any 
other  equipment. 


Making  fJepairs 

Methods  of  making  repairs  after  the  fault  is  located  have 
not  been  included  because  the  method  of  repair  will  usually  be 
obvious  to  maintenance  personnels  Repairs  of  many  faults  are 
routine  matters  of  cleaning^  adjusting^  or  replacing;  but 
some  repairs  require  special  handling^  Make  temporary  repairs 
only  when  necessary  and  then  make  permanent  repairs  as  soon  as 
possible, 

lo5ol  Repairing  Cable«  When  a wire  or  cable  is  faulty®  re- 
place the  entire  section  between  adjacent  fixtures®  manholes® 
or  handholes,  if  practicable.  When  it  is  necessary  to  splice 
a cable®  make  the  splice  in  an  easily  accessible  location 
(hand-holes  or  fixtures)  if  possible.  When  it  is  necessary 
to  bury  a splice,  mark  the  location  of  the  splice,  and  indicate 
its  location  on  circuit  drawings  or  records.  If  a cable  has 
been  opened  for  test  purposes,  it  must  be  as  carefully  re- 
spliced as  if  a fault  had  been  repaired  at  this  point, 

lo5,2  Repairing  Regulators,  Make  or  obtain  regulator  repairs 
as  instructed  in  the  appropriate  Technical  Order  or  instruction 
manual.  Never  attempt  to  repair  a regulator  without  experience 
with  that  type  of  regulator.  When  a fault  occurs  within  the 
tank  of  a regulator®  it  is  usually  necessary  to  return  the  unit 
to  the  shops,  depot,  or  factory  for  repair.  Most  adjustments 
inside  the  tank  are  factory  made  for  each  individual  unit  and 
tinkering  may  create  more  damage.  If  it  is  necessary  to  open 
the  tank,  use  extreme  care  to  prevent  foreign  matter  or  moisture 
from  entering  the  tank.  The  capacitors  in  the  resonant-network 
circuit  may  be  charged  to  very  dangerous  voltages  and  must  be 
carefully  discharged  before  these  capacitors  or  other  circuits 
to  them  are  handled.  Replace  faulty  components  only  with  re- 
placement parts  specified  in  the  Technical  Order,  After  clos- 
ing the  tank,  pressure  test  the  unit  to  check  the  sealo 
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2oO  THE  DETAILED  STEP-BY-STEP  PROCEDURE 

The  troubleshooting  procedure  given  below  provides  a 
detailed  step-by-step  procedure  for  locating  faults  in 
series  airfield-lighting  systems.  It  is  based  on  the  assump- 
tion that  the  only  available  information  about  the  trouble  is 
a report  of  which  circuit  is  not  operating  satisfactorily. 

This  information  may  have  been  obtained  from  routine  or  pre- 
ventive maintenance  checks,  tower  operator  or  pilot  reports^ 
or  acceptance  testing  results.  To  keep  the  procedure  general 
and  to  prevent  unnecessary  repetition,  any  additional  in- 
formation in  the  malfunction  report  or  further  information 
which  may  have  been  obtained  before  starting  the  trouble- 
shooting has  not  been  considered.  The  tests  are  started  from 
a check  in  the  vault  rather  than  a visual  check  of  operations 
because  at  many  fields  where  the  circuits  are  distant  from 
operations  and  transportation  and  communications  facilities 
are  limited,  the  saving  in  time  and  effort  may  be  considerable. 

The  basic  method  used  in  tJ^is  procedure  is  to  determine 
first  whether  the  fault  is  in  the  field  circuits  or  in  the 
regulator  or  control  circuits.  If  the  fault  is  in  the  field 
circuits,  the  type  of  fault  is  then  determined,  and  the  fault 
is  then  located  by  a suitable  method.  If  the  fault  is  in  the 
regulator  or  control  circuits,  it  is  isolated  to  one  of  the 
control  circuits,  to  the  input  voltage,  or  to  the  regulator. 

By  inspection  and  measurement  the  fault  is  then  located. 

To  obtain  satisfactory  results,  the  step-by-step  procedure 
must  be  followed  carefully,  not  hit  or  miss.  Begin  with  Step 
1,0  and  proceed  as  directed  from  that  Step,  Make  the  ”Check 
or  Test  Procedure”  indicated,  considering  all  possible  ”Results” 
as  the  check  is  performed.  Understand  how  the  check  or  test  is 
to  be  performed  and  what  results  may  be  expected  before  start- 
ing the  check.  Most  ’’Checks”  have  two  or  more  possible  ’’Results”, 
one  or  more  indicating  that  a fault  exists  and  frequently  one 
“Result”  indicating  that  operation  during  this  check  is  satis- 
factory, When  more  than  one  “Result”  indicating  a fault  is 
given,  choose  the  “Result”  which  best  describes  the  operation 
observed.  For  the  “Result”  obtained,  consider  the  corresponding 
“Probable  Cause  and/or  Corrective  Procedure”  indicated  and  pro- 
ceed as  directed. 
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If  more  than  one  "Probable  Cause"  is  given  for  the 
"Result”  proceed  as  directed  for  the  "Cause"  first  listed, 
then  for  the  subsequent  "Causes"  if  necessary.  When  more 
than  one  method  is  given  for  locating  the  same  fault#  the 
methods  will  be  listed  in  the  order  of  greatest  practical  ap- 
plication considering  saving  in  time#  simplicity#  reliability# 
and  least  possibility  of  confusion.  Such  factors  as  lack  of 
equipment  or  experience  may  make  it  desirable  to  try  one  of 
the  other  methods  first.  After  a given  "Check”  and  "Correc- 
tive Procedure"  have  been  considered#  proceed  to  the  next 
step  unless  directed  otherwise.  Make  "Checks"  in  the  order 
given  and  skip  "Steps"  only  when  clearly  directed  to  do  so 
in  the  procedure.  The  results  of  some  tests  can  be  mislead- 
ing unless  all  previous  steps  were  followed  correctly.  If 
at  any  time  the  instructions  appear  wrong  or  doubtful#  repeat 
the  steps  carefully.  As  the  repairs  are  made#  return  to  the 
initial  isolating. ktep  and  repeat  it  to  determine  if  another 
fault  exists. 

It  should  be  emphasized  that  only  a very  few  of  the 
steps  listed  are  used  in  locating  any  one  fault.  For  example, 
consider  a fault  caused  by  a cut  in  the  cable  so  that  the  cir- 
cuit is  opened  but  one  side  of  the  line  is  grounded.  The 
procedure  would  direct  the  maintenance  man  through  Steps  1.0, 
1.0.3#  1.0.4#  1.3  and  any  one  of  Steps  l.l.l^  1.1.2#  and 
1.1.3.  If  the  fault  were  a defective  open-circuit  protective 
relay  cutting  off  power  to  the  regulator#  all  lights  would  again 
be  out  and  the  procedure  would  use  Steps  1.0#  1.0.3#  2.0#  2.2# 
and  either  2.2.2  or  2.2.3. 
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STEP-BT-STEP  TROOBLESHOOTING  PR(X:EDI«E  FOR  AIRnKfi)  LIGirflNG  SYSTEMS 


Step  No. 


A,  Locating  Faults  in  the  Field 


Check  or  Test  Procedure 


Results 


Initial  Isolation  of  Fault 

1.0  Select  the  circuit  to  be  tested 
and  brightness  step  B5  (100^  in- 
tensity), energize  the  regulator 
and  measure  the  load  current. 


The  load  current  is  too 
high,  too  low,  or  zero. 

The  load  current  is  normal 
(about  6.6  or  20  amperes). 


1.0.1  With  the  circuit  energized,  vis-  Some  or  all  of  the  lights 
ually  check  the  operation  of  the  are  dim  or  out. 
lights  in  this  circuit. 


All  the  lights  operate 
satisfactorily. 


1.0,2  Carefully  check  the  relay  and 
wiring  in  the  runway-selector 
cabinet  to  make  certain  that 
only  the  nroper  circuit  is  be- 
ing  selected  and  is  not  being 
shorted  out  in  the  selector 
cabinet. 


A relay  or  the  wiring 
in  the  runway-selector 
cabinet  is  faulty  and 
the  circuit  is  not  be- 
ing energized. 

The  proper  circuit  is  be- 
ing selected  but  the 
Rights  do  not  operate. 


Probable  Cause  and/or 
Corrective  Procedure 


Proceed  to  Step  1,0,3. 


Proceed  to  the  next  step. 


After  the  regulator  is  de-energized, 
beginning  with  the  first  unlighted  or 
dim  unit  from  each  end  of  the  faulty 
section  of  the  circuit,  check  each 
faulty  light  progressively  along  the 
circuit  for  each  of  the  following 
routine  maintenance  faults.  If  the 
faulty  lights  at  each  end  of  the 
faulty  section  are  found  without  these 
faults,  the  remainder  of  the  units  in 
this  section  need  not  be  checked. 

Make  the  required  repairs  as  each 
fault  is  located. 

a.  Burned  out  lamps. 

b.  Wrong  type  of  lamps. 

c.  Blown  or  omitted  film  cutouts. 

d.  Water  in  bases  of  units  not  using 

isolating  transformers. 

e.  Shorts  or  grounds  in  the  isolat- 

ing transformer  or  in  the  wiring 
of  the  unit. 

If  some  of  the  units  in  the  faulty 
sections  of  the  circuit  were  repaired, 
repeat  this  step. 

If  some  of  the  lights  are  still  dim 
or  out,  there  are  grounds  or  shorts  in 
the  circuit  between  the  lights  of  sat- 
isfactory intensity  and  the  adjacent 
lights  of  unsatisfactory  intensity. 
Repair  by  replacing  this  section  of 
cable.  If  replacing  this  section  of 
cable  is  not  practical,  and  locating 
the  position  of  the  ground (s)  more  ex- 
actly is  required,  proceed  to  Step  1.1. 

If  all  of  the  lights  are  still  dim 
or  out,  proceed  to  the  next  step. 

High-resistance  grounds  or  a single 
low-resistance  ground  may  still 
exist.  To  check  for  the  presence  of, 
and  to  locate  these  faults,  proceed 
to  Step  1.1. 

Repair  or  replace  the  faulty  compo- 
nent. If  the  circuit-selector  controls 
have  failed  and  the  repairs  are  not 
obvious,  proceed  to  Step  2.4  to  locate 
the  fault  in  the  controls. 

A short  or  ground  is  in  the  feeder 
cables  of  this  circuit.  To  locate 
the  grounds  or  short  in  the  feeder 
cable,  proceed  to  Step  1.1. 


Step  NOo  Check  off  Test  Procedure 


i.0.3  Short  circuit  the  output  of  the 
regulator  on  the  load  side  of 
the  runway- selector  cabinet  for 
the  circuit  being  tested, 
ergize  the  regulator  at  bright- 
ness step  B5  (100%  intensity) 
and  measure  the  short-circuit 
output  currente 


l,0,4i  To  determine  if  a fault  is  an 
open  or  an  overload,  disconnect 
the  field  circuit  from  the  output 
terminals  of  the  runway- selector 
cabinet  and  with  an  ohmmeter  on 
fl^lPw.-resiaMnpfi.  range,,  measure 
the  continuity  off  the  field  cir» 
cuit« 


Results 


The  short-circuit  output 
current  is  not  appreciably 
different  from  the  load 
current. 


Probable  Cause  and/or 
Corrective  Procedure 

The  fault  is  in  the  input  voltage, 
in  the  control  circuits,  or  in  the 
regulator.  Proceed  to  Step  2.0. 


The  short-circuit  current 
is  normal,  but  the  load 
current  was  too  high. 


The  load  is  affecting  the  regulator 
output,  probably  from  too  much  re- 
actance in  the  circuit.  Check  for 
the  following  routine-maintenance 
faults  at  any  lights  which  are  not 
operating  and  replace  or  repair  as 
required, 

a.  Burned  out  lamps, 
be  Opens  in  the  secondary  circuit 
of  isolating  transformers, 

Cc  Faulty  isolating  transformers. 

If  the  high  load  current  has  not 
been  cleared  up  when  all  lamps  are 
back  in  operation,  cheek  for  series- 
multiple  transformers  connected  into 
this  circuit.  If  these  transformers 
can  not  be  removed  from  the  circuit, 
reset  the  tap-selector  switch  so  that 
the  load  current  is  correct.  See 
Step  2, 1,4, a. 


The  short-circuit  current  is 
normal,  but  the  load  current 
was  too  low. 


The  regulator  is  overloaded. 
Proceed  to  Step  1.4, 


The  short-circuit  current 
is  normal,  but  the  load 
current  was  zero. 


There  is  an  open  fault  in  the  field 
circuit,  or  the  regulator  is  great- 
ly overloaded.  Proceed  to  the  next 
step. 


The  circuit  does  not  have  The  field  circuit  has  an  open  fault, 
continuity,  or  it  has  a Proceed  to  Step  1,3. 

resistance  of  several 
thousand  ohms. 

The  circuit  has  continuity.  The  regulator  is  overloaded.  Pro- 
ceed to  Step  1,4. 


Ix)catlng  graiMds  in  the  Field  Clrfiuiits. 

1,1  When  grounds  or  shorts  are  indi- 
cated and  the  location  is  not 
readily  apparent  from  the  ap- 
pearance of  the  lights,  discon- 
nect the  field  circuit  from  the 
runway-selector  cabinet  and  meas- 
ure the  insulation  resistance  of 
each  feeder.  To  measure  insula- 
tion resistance  use  a high-volt- 
age, limited-current  insulation 
test  set,  a low-voltage  insula« 
tion  test  set,  or  an  ohmmeter, 
with  the  preference  in  the  order 
listed.  As  each  fault  is  cleared 
repeat  this  insulation  resist- 
ance measurement  for  the  circuit 
to  determine  if  other  grounds 
exist.  If  a combination  of 
faults  exists,  clear  the  grounds 
first  because  these  faults  are 
usually  easier  to  locate  and 
often  occur  in  conjunction  with 
opens,  overloads,  or  shorts. 

Then  clear  any  high-resistance 
grounds.  Then  locate  any 
remaining  opens,  overloads. 


The  resistance  of  each 
feeder  to  ground  is  low,"" 


The  resistance  of  each 
feeder  to  ground  is  fairly 
high  (between  1000  ohms 
and  10  megohms)  but  is  not 
adequate  for  a good  cir- 
cuit. 


The  resistance  of  each 
feeder  to  ground  is  very 
high  or  Infinite  (above 
10  megohms). 


There  are  one  or  more  ground  faults. 
To  locate  grounds  by: 

a.  Cable  Test-Detecting  Set  (TSM-11), 
proceed  to  Step  1.1.1; 

b.  Insulation  resistance  measure- 
ments, proceed  to  Step  1,1.2; 

c.  Intentional  grounds  and  energiz- 
ing the  circuit,  proceed  to 
Step  1,1,3, 

There  are  one  or  more  high-resist- 
ance grounds.  To  locate  high-re- 
sistance grounds  by: 

a.  Cable  Test-Detecting  Set  (TSM-11), 
proceed  to  Step  1,1,1; 

b.  Insulation  resistance  measure- 
ments, proceed  to  Step  1,1.2, 

If  the  intensity  of  all  the  lights 
was  satisfactory,  the  regulator  and 
this  field  circuit  have  been  proven 
satisfactory.  To  complete  the  check 
of  the  regulator  and  controls,  pro- 
ceed to  Step  2,0, 

If  some  or  all  of  the  lights  are  out, 
there  is  an  ungrounded  short.  Pro- 
ceed to  Step  1,2, 


Step  No«  Check  or  Test  Procedure 

l.l  or  ungrounded  shorts« 
(cent.) 


l.l.l  In  locating  grounds  by  using  the 
Cable  Test-Detecting  Set  (TSU-il) 
equipment,  study  carefully  the 
instructions  for  this  Set  in  the 
Operations  Handbook  (NAVAEB  OS<> 
20-501).  Disconnect  the  feeders 
from  the  runway-selector  cablae% 
connect  a feeder  that  indicates  a 
ground  to  one  terminal  of  the 
output  of  the  signal  generator,, 
and  coni^et  the  other  terminal  of 
the  signal  generator  to  a good 
ground.  Energize  the  signal  gen- 
erator and  determine  the  optimum 
impedance  matching  of  the  signal 
generator  to  the  cable  by  check- 
ing for  maximum  output  current  or 
for  maximum  signal  strength  as 
shown  by  the  amplifier-indicator 
as  the  (XTTPUT  IMPEDANCE  switch 
selects  the  LD,  KED.  and  Hi  posi- 
tions. Use  the  signal  generator 
with  the  power  switch  in  the  TEST 
position  if  the  cable  is  easily 
followed;  but  if  the  cable  is 
hard  to  follow  or  if  other  noise 
creates  difficulty,  use  the  ON 
position  to  obtain  the  interrupted 
signal.  Then  with  the  amplifier- 
indicator  and  the  detecting  ele- 
ment, follow  the  path  of  the  cable 
as  indicated  by  the  tone  in  the 
headphones  and/or  by  the  meter 
reading.  Adjust  the  GAIN  control 
low  enough  for  peaks  in  signal 
amplitude  to  be  recognized  as  the 
cable  is  crossed.  (Keep  the  me- 
ter reading  no  greater- than  one- 
half  scale  at  maximum  deflection 
for  ease  in  reading.)  Swing  the 
loop  of  the  detecting  element 
sufficiently  to  note  the  change  in 
signal  strength  as  the  detecting 
element  is  moved  from  the  cable. 
Proceed  along  the  path  of  the 
cable  noting  carefully  any 
changes  in  signal  strength. 

CAUTION 

Do  not  handle  the  cable  after 
energizing  the  signal  generator 
because  the  output  voltage  may  be 
as  great  as  300  volts. 


Results 


Probable  Cause  and/or 
Corrective  Procedure 


The  resistance  to  ground 
of  one  feeder  is  low  or 
unsatisfactory,  and  the 
resistance  of  tte  other 
feeder  is  much  higher  or 
infinite. 


A strong  signal-generator 
signal  (250  cycles  steady 
or  interrupted  tone)  is  in- 
dicated by  the  meter  or  the 
Eteadpbofflese 

1%e  signal  strength  contin- 
ues steady,  then  suddenly 
decreases  in  strength  or 

fails. 

The  signal  changes  tone. 


The  signal  strength  sudden- 
ly decreases  and  continues 
at  the  decreased  strength. 


The  signal  strength  de- 
creases gradually  for  a 
considerable  distance 
along  the  cable  to  a very 
low  signal  strength. 


No  signal  or  only  a very 
weak  signal  is  detected. 


The  ground  faults  were  not 
located  with  this  test. 


The  faults  are  a combination  of 
grounds  and  opens  or  overloads.  To 
locate  the  ground  faults  in  the 
grounded  sections  of  the  circuit  by 

a.  Cable  Test-Detecting  Set  (TSM-lI), 
proceed  to  Step  1,1.1; 

b.  Insulation  resistance  measure- 
ments, ‘proceed  to  Step  1.1.2; 

c.  Intentional  grounds  and  ener- 
gizing the  circuit,  proceed  to 
Step  1.1.3. 

If  the  open  or  overload  is  not  found 
with  the  grounds,  return  to  Step 
1.0.4. 

The  detecting  element  is  over  the 
cable  being  tested  and  following  the 
proper  path.  Proceed  until  a change 
in  signal  is  noticed. 


The  ground  is  located  within  the  im- 
mediate area.  Repair  the  fault. 

Then  continue  the  cheek  until  the 
entire  circuit  is  clear  of  grounds. 

A signal  of  another  frequency  is  1^- 
ing  picked  up,  probably  from  another 
cable.  Return  to  a known  location 
of  the  cable  being  tested  and  follow 
this  cable  carefully,  Dse  the  inter- 
rupted signal  from  the  signal  gen- 
erator if  desired. 

This  may  be  caused  by  deeper  cable, 
by  the  cable  entering  metallic  duct 
or  other  shielding,  or  by  a high-re- 
sistance ground  fault.  Check  for 
each  of  these  possibilities,  and  if 
the  change  is  caused  by  a high-resist- 
ance ground,  repair  the  cable.  Then 
continue  the  check  until  the  entire 
circuit  is  clear  of  grounds. 

There  is  general  leakage  to  ground 
or  a series  of  high-resistance 
grounds  in  this  section  of  the  cable. 
Repair  this  section  of  the  cable.  Then 
continue  the  check  until  the  entire 
circuit  is  clear  of  grounds. 

The  cable  is  lost,  the  cable  is  looped 
back  upon  itself,  a ground  fault  has 
been  passed,  or  this  section  of  the 
cable  is  extremely  well  shielded.  In- 
vestigate for  each  of  these  possibili- 
ties or  follow  the  cable  more  carefully 

Seetionalize  the  circuit  by  opening  it 
at  several  points  and  check  each  sec- 
tion with  the  TSM-11,  If  the  faults 
can  not  now  be  located,  use  the  method 
of  insulation  resistance  measurements. 
Proceed  to  Step  1.1.2. 


Step  NOc  C58©«k  fflir  hroc«dar® 


BqsuHs 


Pirobabie  Cause  and/oir 
Corrective  Procedure 


1.1.2 


To  locate  grounds  by  insulation 
resistance  msasurementSg  use  a 
high-voltage  insulation  test  set. 
a loM-voitage  insulation  test  set, 
or  an  ohinneter  (listed  in  the 
order  of  most  dependable  results). 
Disconnect  the  feeders  of  this 
circuit  from  the  runway- selector 
cabinet  in  the  vault.  At  a se- 
lected test  point  open  the  cir- 
cuit and  measure  the  insulation 
resistance  of  each  section  of 
the  circuit. 


The  insulation  resistance 
is  satisfactory  in  on® 
direction  only. 

The  insulation  resistance  is 
zero  or  lower  than  desired 
for  the  circuit.  (This  may 
be  the  case  in  only  one  or 
both  directions.) 

The  insulation  resistance 
is  satisfactory  in  both 
directions. 


1.1.2. 1 After  reconnecting  the  circuit 
at  this  test  point,  continue 
moving  the  test  point  in  the  di- 
rection of  the  ground  fault (s) 
and  measuring  the  insulation  re- 
sistance at  each  new  test  point  as 
outlined  in  Step  i.1.2  above  until 
all  ground  faults  are  located. 


1.1.2.2  After  reconnecting  the  circuit 
at  the  test  point,  continue 
moving  the  test  point  toward 
the  feeder  indicating  unsatis- 
factory insulation  resistance 
and  measuring  the  insulation 
resistance  at  each  new  test 
point  as  outlined  in  Step  1.1,2 
above  until  all  ground  faults 
are  located. 


1.1.3  To  locate  grounds  by  using  an  in-  Some  of  the  lights  are  out 
tentional  ground  and  energizing  or  dim, 
the  circuit  with  the  load  con- 
nected to  the  regulator,  ground 
one  of  the  feeders  in  the  vault. 

Energize  this  circuit  with  the  reg- 
ulator and  make  a visual  check  of 
the  operation  of  each  of  the  lights 
in  this  circuit. 

All  of  the  lights  are  out 
or  dim. 


All  of  the  lights  appear  to 
operate  satisfactorily. 


This  section  of  the  circuit  contains 
no  ground  faults. 


One  or  more  grounds  are  on  these 
sections  of  the  circuit  as  indicated. 
Proceed  to  the  next  step. 


An  open  fault  exists  between  the 
test  point  and  the  ground  fault  (s). 
Proceed  to  Step  1,1,2,2. . 

Make  the  repairs.  Then  repeat  the  re- 
sistance checks  until  the  circuit  has 
been  cleared  of  ground  faults.  If 
Steps  1.1.2  or  1.0.4  indicated  an  open 
fault  and  if  the  open  was  not  located 
with  a ground,  proceed  to  Step  1.3, 


Itbke  the  repairs.  If  Steps  1.1,2  or 
1.0.4  indicated  an  open  fault  and  the 
open  was  not  located  with  a ground, 
proceed  to  Step  1.3, 


There  is  a ground  fault  between  the 
last  light  operating  satisfactorily 
and  the  adjacent  light  that  is  operat- 
ing unsatisfactorily.  Repair  this 
section  of  cable.  If  necessary  to 
locate  the  position  of  the  fault  more 
exactly,  use  the  methods  outlined  in 
Steps  1,1.1  or  1.1.2. 

The  ground  fault  is' in  the  feeder 
without  the  intentional  ground.  Re- 
pair this  section  of  the  circuit.  If 
necessary  to  locate  the  position  of 
the  fault  more  exactly,  use  the  methods 
outlined  in  Steps  1.1.1  or  1.1.2. 

Proceed  to  the  next  step. 


1. 1.3.1  Move  the  intentional  ground  to  Some  of  the 
the  other  feeder,  repeat,  ener-  or  dim. 
gizirrg  the  circuit,  and  making 
the  visual  check  of  operation  of 
the  lights  as  outlined  in  Step 
1.1.3. 


lights  are  out  A ground  fault  exists  between  the  last 
light  operating  satisfactorily  and  the 
adjacent  light  operaUng  unsatisfac- 
torily, Repair  this  section  of  cable. 
If  necessary  to  locate  the  position 
of  the  fault  more  exactly,  use  the 
methods  outlined  in  Steps  1.1.1  or 
1,1.2, 


All  of  the  lights  are  out  A ground  fault  is  in  the  feeder  which 
or  dim.  was  intentionally  grounded  first. 

Repair  this  section  of  the  circuit. 

If  necessary  to  locate  the  position 
of  the  fault  more  exactly,  use  the 
methods  outlined  in  Steps  1.1,1  or 
1.1.2, 


The  lights  appear  to  oper- 
ate satisfactorily  when 
each  feeder  is  tested  with 
the  intentional  ground. 


The  fault  may  have  too  high  resist- 
ance for  the  change  in  intensity  to 
be  recognized.  Use  the  methods  out- 
lined in  Steps  1.1.1  or  1.1.2  to 
locate  the  ground. 
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Step  No.  Check  o?  Test  Procedure 


Results 


1.2  When  ungrounded  shorts  are  in-  Sons  of  the  lights  are  op- 
dicated.  energize  the  circuit  erating  satisfactorily, 

and  make  a careful  visual  in-  but  Others  are  out. 

spection  of  the  operation  of  the 
lights  (if  not  previously  made) 
to  , determine  which,  if  any,  are 
operating. 


All  of  the  lights  are  out. 


1.2.1  To  locate  ungrounded  shorts  us- 
ing a hook-on  ammeter,  select 

a test  point.  Connect  the  am- 
meter about  the  conductor  of  the 
circuit.  Energize  the  circuit 
with  the  regulator  and  read  the 
current  in  the  circuit  at  the 
test  point. 

CAUTION 

Do  not  come  in  contact  with  the 
cable  or  meter  while  the  circuit 
is  energized.  If  the  meter  must 
be  handled  or  attached  to  the  cir- 
cuit while  the  circuit  is  ener- 
gized, use  a hot-line  clamp-stick. 

1.2. 1.1  Continue  moving  the  test  point 
toward  the  short  and  repeat 
Step  1.2.1  until  the  fault  is 
located. 

1.2.2  To  locate  ungrounded  shorts  by 
open-circuit  tests,  select  a 
test  point.  Open  the  circuit. 

Keep  the  open  clear  of  the 
ground  and  personnel  clear  of 
the  circuit.  Energize  the  cir- 
cuit with  the  regulator  and 
cheek  to  see  if  the  protective 
relays  turn  off  the  regulator. 
NOTE:  If  the  regulator  is  turned 
off,  do  not  energize  the  circuit 
again  until  the  open  at  the  test 
point  has  been  reconnected  and  a 
new  test  point  has  been  selected. 


The  current  in  the  circuit 
at  the  test  point  is 
approximately  normal. 

The  current  in  the  circuit 
at  the  test  point  is  very 
low  or  zero. 


The  protective  relays  turn 
off  the  regulator. 


The  protective  relays  do 
not  turn  off  the  regulator. 


1.2.2. 1  Reconnect  the  circuit  at  the  test 
point.  Continue  moving  the  test 
point  toward  the  short  and  repeat- 
ing Step  1.2,2  until  the  short  is 
located. 


1.3  If  an  open  circuit  is  indicated  The  insulation  resistance 
and  the  possibility  of  grounds  of  one  or  both  feeders  is 
on  the  circuit  has  not  already  unsatisfactory, 
been  checked,  disconnect  both 
feeders  from  the  runway- selector 
cabinet  and  with  an  insulation 
tester  measure  the  insulation 
resistance  of  each  feeder  to 
determine  if  any  grounds  exist 
also. 


Probable  Cause  and/or 
Corrective  Procedure 


The  short  is,  between  the  lighted  and 
the  adjacent  unlighted  units.  Repair 
by  replacing  the  faulty  cable  between 
these  lights.  If  it  is  not  practical 
to  replace  this  section  of  cable,  lo- 
cate the  fault  more  closely  by: 

a.  The  hook-on  aosneter.  See  Step  1,2.1s 

b.  Open-circuit  test.  See  Step  1,2.2. 

The  short  is  in  the  feeders.  Locate 
it  by  using: 

a.  The  hook-on  amneter.  See  Step  1.2.1; 

b.  Open-circuit  test.  See  Step  1.2.2/. 

The  test  point  is  between  the  short 
and  the  regulator.  Proceed  to  the 
next  step. 

The  short  is  between  the  test  point 
and  the  regulator.  Proceed  to  the 
next  step. 


Repair  both  sections  of  cable  which 
contain  the  short. 


The  test  point  is  between  the  un- 
grounded short  and  the  regulator. 
Proceed  to  the  next  step. 

The  ungrounded  short  is  between  the 
test  point  and  the  regulator.  Pro- 
ceed to  the  next  step. 


Repair  bot)|  sections  of  cable  which 
contain  the  short. 


A combination  of  open  and  ground 
faults  is  indicated.  Since  grounds 
are  easier  to  locate  and  are  likely 
to  occur  at  the  open,  locate  the 
grounds  in  the  grounded  section  of 
circuit  by  using: 

a.  The  Cable  Test-Detecting  Set 
(lSM-11),  See  Step  1.1.1; 

b.  Insulation  resistance  measure- 
ments, See  Step  1.1,2; 
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Step  No,  Check  or  Test  Procedure  Results 

1.3 

(cont.) 


The  insulation  resistance 
of  both  feeders  is  satis- 
factory. 


1.3,1  To  locate  ungrounded  opens  by 
using  intentional  grounds  and 
open-circuit  test,  intentionally 
ground  one  of  the  feeders  of  the 
circuit  in  the  vault  and  then, 
by  energizing  the  circuit  with 
the  regulator,  determine  if  the 
circuit  will  break  dotvn  to 
ground  at  the  open  fault.  Check 
the  operation  of  the  regulator 
as  it  is  energized  to  see  if  the 
protective  relays  turn  it  off. 


The  protective  relays  do 
not  turn  off  the  regulator. 


The  protective  relays  turn 
off  the  regulator. 


1,3, 1,1  Move  the  intentional  ground  to  The  protective  relays  do 

the  other  feeder  and  repeat  not  turn  off  the  regulator. 

Step  1.3,1. 


The  protective  relays  turn 
off  the  regulator  when 
either  feeder  is  grounded. 


1,3. 1.2  Sectionalize  the  circuit,  using 
intentional  grounds  by  ground- 
ing one  feeder  in  the  vault,  and 
at  a selected  test  point  also 
1 ground  the  conductor  of  the  cir- 

cuit without  breaking  continuity. 
Energize  the  circuit  and  check 
the  operation  of  the  regulator 
to  see  if  the  protective  relays 
turn  it  off. 


The  protective  relays  do 
not  turn  off  the  regulator. 


The  protective  relays  turn 
off  the  regulator. 


1.3, 1.3  Continue  moving  the  test  point 
and  the  intentional  ground  in 
the  field  toward  the  open  fault 
and  checking  the  regulator  opera- 
tion as  in  Step  1.3. 1,2  until  the 
fault  is  located. 


Probable  Cause  and/or 
Corrective  Procedure 

c.  Intentional  grounds,  and  ener- 
gizing the  circuit.  See  Step 
1.1.3. 

After  the  grounds  have  been  cleared, 
repeat  Step  1.0  to  determine  if  the 
open  fault  still  exists,  and,  if  so, 
repeat  this  step. 

To  locate  ungrounded  open  faults  by 
using: 

a.  Intentional  grounds  and  open  cir- 
cuit test,  see  Step  1.3.1; 

b.  Insulation  resistance  measure- 
ments, see  Step  1.3,2; 

c.  The  Cable  Test-Detecting  Set 
(TSM-11),  see  Step  1,3.3, 

The  circuit  has  become  grounded  be- 
yond the  open  from  the  intentionally 
grounded  feeder.  Locate  this  ground, 
using  the  methods  outlined  in  Steps 
1.1.1,  1.1.2,  or  1.1.3.  After  lo- 
cating the  ground  and  making  the  re- 
pairs, repeat  Step  l.O  to  determine  > 
if  the  open  fault  still  exists,  and, 
if  so,  repeat  this  step. 

The  circuit  beyond  the  open  from  the 
intentionally  grounded  feeder  does 
not  break  down  to  ground.  Proceed 
to  the  next  step,  ' 

The  circuit  has  become  grounded  be- 
yond the  open  from  the  intentionally 
grounded  feeder.  Locate  this  ground 
and  repair  the  circuit  using  the 
methods  outlined  in  Steps  1,1,1,  1.1,2, 
or  1.1.3,  Then  repeat  Step  1.0  to 
see  if  the  open  fault  still  exists, 
and,  if  so,  repeat  this  step. 

The  circuit  does  not  breck  down  to 
ground,  (At  this  point  it  may  be 
more  practical  to  use  the  methods 
outlined  in  Steps  1.3.2  or  1.3.3 
rather  than  to  continue  this  method.) 
Otherwise,  proceed  to  the  next  s.tep. 

The  open  fault  is  between  the  inten- 
tional grounds.  Proceed  to  the  next 
step. 

Both  intentional  grounds  are  on  the 
same  side  of  the  circuit  from  the 
open  fault.  Proceed  to  the  next 
step. 


Hfeke  the  repairs. 


Step  No. 


Check  or  Test  Procedure 


Results 


Probable  Cause  and/or 
Corrective  Procedure 


1.3.2  To  locate  ungrounded  opens  by 

resistance  measurements,  discon- 
nect  the  feeders  from  the  runway> 
selector  cabinet  and  intention- 
. ally  ground  one  feeder  of  the 
circuit  in  the  vault.  Then  at  a 
selected  test  point,  maintaining 
continuity  of  the  circuit.  meas-> 
ure  the  resistance  between  the 
conductor  and  ground. 

NOTE:  The  ground  at  the  selected 
test  point  must  provide  adequate 
continuity  to  the  system  ground. 
If  desired,  the  circuit  may  be 
grounded  at  the  selected  test 
point  and  the  measurements  made 
in  the  vault. 


The  resistance  is  very 
high  or  infinite. 


The  resistance  to  ground 
is  low  or  zero. 


1.3,2. 1 Continue  moving  the  test  point 
toward  the  open  and  repeating 
Step  1.3.2  until  the  fault  is 
located. 


1.3.3 


To  locate  ungrounded  opens  with 
the  Cable  Test-Detecting  Set 
(TSM-11).  study  the  instructions, 
given  in  the  Operations  Handbook 
(NAVAER  06-20-501)  for  locating 
open  faults.  The  signal  gener- 
ator should  be  operated  with  the 
OOTPDT  IMPEDANCE  switch  in  the  HI 
position  and  the  amplifier  gain 
will  have  to  be  much  higher  than 
that  required  for  the  same  re- 
sponse from  a grounded  cable. 

The  characteristics  of  the  signal 
at  the  fault  may  also  be  much 
different  from  the  indications 
at  a ground  fault. 


The  open  fault  is  located. 

The  open  fault  can  not  be 
located  by  using  this 
equipment. 


The  open  fault  is  between  the  test 
point  and  the  grounded  feeder. 
Proceed  to  the  next  step. 

The  test  point  is  between  the  open 
fault  and  the  grounded  feeder. 
Proceed  to  the  next  step. 


Hake  the  repairs. 


Make  the  repairs. 

To  locate  the  ungrounded  open  by: 

a.  Resistance  measurements,  see 
Step  1.3.2, 

b.  Intentional  grounds  and  open- 
circuit  tests,  see  Step  1.3,1, 


Locating  Overloads  in  Series  Circuits. 


1.4 


If  an  overload  is  indicated  and 
the  possibility  of  grounds  on  the 
circuit  has  not  already  been  in- 
vestigated, disconnect  both  feed- 
ers from  the  regulator  and  check 
the  insulation  resistance  of  each 
feeder  with  an  insulation  tester 
to  determine  if  any  grounds  exist. 


The  insulation  resistance  of 
the  circuit  is  not  satisfac- 
tory. 


Some  combination  of  grounds  and  an 
overload  exists,  such  as  high-resist- 
ance grounds  on  each  side  of  an  open 
fault  or  a high-series  resistance  and 
ground  fault.  To  locate  the  grounds  by) 

a.  The  Cable  Test-Detecting  Set  (TSM- 
11),  see  Step  1.1.1; 

b.  Insulation  resistance  measure- 
ments, see  Step  1.1.2; 

c.  Intentional  grounds  and  energiz- 
ing the  circuit,  see  Step  1.1.3. 


After  the  grounds  have  been  cleared, 
repeat  Step  1.0  to  determine  if  the 
overload  still  exists;  if  so,  repeat 
this  step. 


The  insulation  resistance 
of  the  circuit  is  satis- 
factory. 


The  circuit  is  clear  of  grounds.  To 
locate  the  overload  by: 

a.  Sectionalizing  and  load  current 
measurements,  see  Step  1.4.1; 

b.  Comparison  of  actual  load  to  the 
normal  circuit  load,  see  Step 
1.4.2. 
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Step  No«  Check  07  Test  Procedure 


1.4. 1 To  locate  overloads  (particular- 

ly those  caused  by  hlgh-serles- 
resistance  faults  or  by  open 
faults  which  have  become  partial- 
ly grounded)  by  sectionalizing, 
turn  off  the  regulator;  remove  a 
section  of  the  load  from  the  cir- 
cuit by  shorting  it  out  with  a 
Jumper  or  length  of  cable.  Energize 
the  remainder  of  the  circuit  and 
remeasure  the  output  load  currente 
NOIC:  In  case  the  circuit  is  nor- 

mal but  the  load  is  sufficient  to 
overload  the  regulator,  the  over- 
load may  not  be  indicated  by  sec- 
tionalizing  and  measuring  load 
current. 

1.4. 1.1  Continue  sectional! zing  by  moving 
the  jumper  toward  the  fault  or 
overload  and  repeating  Step  1.4.1 
until  the  fault  or  overload  is 
located. 


Results 


The  load  current  is  still 
low,  or  the  protective  re- 
lays continue  to  turn  off 
the  regulator. 

The  load  current  is  now 
normal. 


1.4.2 


To  locate  overloads  by  comparing 
the  actual  load  on  the  regulator 
tOithe  normal  load  of  the  circuit 
determiue  the  actual  load  by  ac- 
curately measuring  the  output 
voltage  of  the  regulator  and  the 
load  current  at  brightness  step 
B5,  Compute  the  actual  load  as 
the  product  of  the  output  voltage 
and  current.  Compute  the  normal 
load  of  the  circuit  including 
losses  and  any  recent  additions  to 
the  circuit.  Compare  the  actual 
load  to  the  normal  load  of  the  cir- 
cuit and  to  the  nameplate  of  the 


The  normal  load  and  the 
actual  load  are  approxi- 
mately the  same,  but  they 
exceed  the  rating  of  the 
regulator. 

The  actual  load  exceeds  the 
normal  load  and  the  rating 
of  the  regulator. 


regulator, 

NOTE:  If  the  protective  relays  turn 
off  the  regulator  or  the  load  cur- 
rent is  more  than  10%  below  rated 
value,  do  not  use  this  method  to  ob- 
tain the  actual  load  but  use  the 
method  outlined  in  Step  1.4.1  to 
locate  the  fault. 


1. 4.2.1 


Sectionalize  by  connecting  a suit- 
able jumper  or  length  of  cable  be- 
tween convenient  test  points  of 
the  circuit.  Compute  and  compare 
the  actual  load  and  the  normal 
load  for  the  section  of  the  cir- 
cuit still  being  energized  by 
regulator,  as  outlined  in  Step 
1.4.2. 


The  actual  load  and  the 
normal  load  for  this  sec- 
tion of  the  circuit  are 
approximately  the  same. 

The  actual  load  exceeds 
the  normal  load  for  this 
section  of  the  circuit. 


1.4, 2.2  Continue  sectionalizing  by  moving 
the  jumper  toward  the  fault  and 
computing  and  comparing  the  actual 
load  and  the  normal  load  of  the 
section  of  the  circuit  still  con- 
nected to  and  being  energized  by 
the  regulator,  as  outlined  in 
Step  1.4.2,  until  the  fault  is 
located. 


Probable  Cause  and/or 
Corrective  Procedure 

The  fault  is  in  the  section  of  the 
circuit  still  being  energized  by 
the  regulator.  Proceed  to  the  next 
step. 

The  fault  or  overload  is  in  the  sec- 
tion of  the  circuit  which  it  short 
cifcuited.  Proceed  to  the  next  step. 


Make  the  repairs.  If  the  overload 
can  not  be  located  by  sectionalizing 
and  measuring  the  load  current,  pro- 
ceed to  the  next  step. 


Redistribute  tlie  load  to  other  regu- 
lators, or  replace  this  regulator 
with  a regulator  of  adequate 
capacity. 


The  circuit  has  a high-series  resist- 
ance fault.  Proceed  to  the  next  step. 


The  fault  is  In  the  section  of  the 
circuit  that  is  now  shorted  out  and 
is  not  being  energized.  Proceed  to 
the  next  step. 

The  fault  is  in  the  section  of  the 
eircuit  still  connected  to  and  being 
energized  by  the  regulator.  Proceed 
to  the  next  step. 

Make  the  repairs. 
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B.  Locating  Faults  in  the  Vault 


Step  No.  Check  or  Test  Procedure  Results 


Isolation  of  Faults  in  the  Regulator  and  Controls  to.  Specific  Circuits. 


2.0 


When  trouble  is  indicated  in  the 
regulator  controls,  or  if  a check 
of  this  equipment  is  desired, 
turn  off  the  regulator  and  short 
circuit  all  load  circuits  on  the 
load  side  of  the  runway- selector 
cabinet.  Connect  an  accurate 
ammeter  into  the  output  circuit 
of  the  regulator  and  carefully  de- 
termine the  short-circuit  current 
for  each  brightness  setting  as  the 
regulator  is  energized  from  one  of 
the  control  panels. 


The  current  is  satisfac- 
tory for  each  brightness 
setting. 


The  current  is  satisfac- 
tory for  one  or  more 
brightness  settings,  but 
it  is  too  high,  too  low,  or 
zero  for  other  settings. 


The  current  is  appreciably 
higher  or  lower  for  all 
brightness  settings  than  is 
normal  for  short-circuit 
current,  but  is  not  zero 
for  any  setting. 

The  current  reads  momen- 
tarily and  then  becomes 
zero  for  all  brightness 
settings. 


2.0.1  Move  the  short  circuit  to  the 

output  terminals  of  the  regula- 
tor and  repeat  the  short-circuit 
current  measurements  as  outlined 
in  Step  2.0. 

NOTE:  Make  certain  that  the  pro- 
tective relays  are  not  bypassed 
by  the  short  circuit. 


The  current  is  zero  at 
all  times  for  all  bright- 
ness settings. 

The  current  is  still  zero 
at  all  times  for  all 
brightness  settings. 


Current  is  present  on  one 
or  more  brightness  set- 
tings. 


2.0.2  Carefully  inspect  the  wiring  in 
the  runway-selector  cabinet,  the 
wiring  from  the  regulator  to  the 
selector  cabinet,  the  contacts  of 
the  runway-selector  relays,  and 
the  series-plug  cutouts,  until 
the  open  fault  is  located. 


2.0.3  When  the  output  current  of  the 
regulator  for  each  brightness 
setting  is  satisfactory  for  one 
control  panel,  transfer  control 
to  another  control  panel  and  re- 
peat Step  2.0  for  each  control 
panel. 


The  current  is  satisfac- 
tory for  each  brightness 
setting  from  each  control 
panel. 

The  current  is  too  high, 
too  low,  or  zero,  for  one 
or  more  brightness  settings 
from  one  or  more  of  the 
other  control  panels,  but 
it  is  not  zero  for  all 
settings. 


The  current  is  zero  at  all 
times  for  all  brightness 
settings  from  one  or  more 
control  panels. 


Probable  Cause  and/or 
Corrective  Procedure 


The  regulator,  the  incoming  primary 
voltage,  and  the  input  voltage  cir-  - 
cults  are  functioning  properly.  The 
protective  and  brightness  controls 
from  this  control  panel  are  satis- 
factory. To  check  the  other  control 
panels,  proceed  to  Step  2.0.3. 

The  input  voltage  and  the  protective 
controls  are  satisfactory.  To  check 
the  individual  brightness  controls, 
proceed  to  Step  2.3. 


The  tap-selector  switch  is  set  im- 
properly, the  input  voltage  has 
changed,  or  the  regulator  is  not 
operating  properly.  Proceed  to 
Step  2. 1.4. a. 


The  remote-energizing  controls,  the 
protective  relays,  or  the  regulator 
are  unsatisfactory.  Proceed  to 
Step  2.2. 

Proceed  to  the  next  step.  If  the 
input  voltage  is  known  to  be  satis- 
factory, proceed  to  Step  2.2. 

The  fault  is  in  the  incoming  pri- 
mary voltage,  the  input-voltage 
circuits,  the  energizing,  controls, 
or  the  regulator.  Proceed  to 
Step  2.1. 

There  is  an  open  in  the  output  cir- 
cuit between  the  regulator  and  the 
load  terminals  of  the  runway-select- 
or cabinet.  Proceed  to  the  next  step 

Make  the  repairs.  Then  repeat 
Step  2.0. 


The  regulator,  the  input  power,  and 
the  brightness  controls  are  satis- 
factory. To  check  the  runway-select- 
or controls,  proceed  to  Step  2.4. 

The  brightness  controls  from  this 
panel  are  not  operating  satisfactor- 
ily. Proceed  to  Step  2.3. 


The  energizing  controls  from  this 
control  panel  are  not  operating 
properly.  Proceed  to  Step  2.2. 


Step  No, 


Check  or  Test  Procedure 


Probable  Cause  and/or 
Corrective  Procedure 


Locating  Faults  in  the  Input  Power  Circuits. 

2.1  Tn  checki'n9..for  input  voltage, 
first  check  lights  or  other 
equipment  in  the  vault  that  is 
connected  to  the  same  phase  of 
power  for  their  ability  to 
operate. 


2.1.1  With  the  switches,  relays,  and 
contactors  set  in  the  required 
positions  for  energizing  the  reg- 
ulator, cheek  for  hum  or  vibra- 
tion of  the  input  transformer  of 
the  regulator  as  the  remote-con- 
trol oil  switch,  the  input  switci^ 
or  the  main  contactor  is  momentar- 
ily placed  in  the  manual  ON  posi- 
tion and  then  returned  to  OFF  or 
AUTO  position, 

CAUTION 

Do  not  leave  the  regulator  ener- 
gized with  the  manual  ON  control 
because  the  protective  relays 
may  not  be  able  to  protect  the 
regulator. 

2.1.2  Check  the  input  circuit  for 
blown  fuses,  tripped  circuit 
breakers,  opened  cutouts,  and 
switches  in  the  OFF  position. 


2.1,3  By  inspection  or  by  disconnect- 
ing the  input  circuit  from  the 
incoming  primary  voltage  and 
making  continuity  measurements 
with  an  ohmmeter,  check  the  in- 
put circuit  for  opens,  especial- 
ly at  connections,  terminals, 
terminal  bushings,  switches, 
circuit  breakers,  fuse  cutouts, 
and  input  switch  contacts.  Also 
check  the  tap-selector  switch  on 
the  regulator  input  for  proper 
seating  and  the  input  winding  of 
the  input  transformer  of  the 
regulator  for  continuity. 


Lights  and/or  other  equip- 
ment are  on  this  circuit 
but  do  not  operate. 

Lights  and  other  equip- 
ment on  this  circuit  are 
operating,  or  no  other 
equipment  is  connected  to 
this  circuit. 

The  energizing  controls  can 
not  be  set  for  energizing 
the  regulator. 

Hum  or  vibration  occurs. 


No  hum  or  vibration  occurs 
or  no  manual  ON  control  is 
included  in  the  control 
equipment. 


Switches  or  circuit  break- 
ers are  in  the  OFF  posi- 
tion, or  a cutout  is  open. 


Fuses  are  blown,  or  a cir- 
cuit breaker  is  tripped. 

The  switches  are  in  the 
proper  position,  and  the 
overcurrent  protective 
devices  still  provide 
continuity. 

An  open  circuit  is  found. 

The  tap-selector  switch  is 
not  seated  properly. 


The  input  switch  contacts 
are  burned  off  or  fail  to 
close. 


The  input  winding  of  the 
input  transformer  of  the 
regulator  is  open. 


There  are  no  opens  in  the 
input  circuit. 


The  incoming  primary  voltage  or  the 
input  power  circuits  have  failed. 
Proceed  to  Step  2.1.2. 

Proceed  to  the  next  step. 


The  energizing  controls  have  failed. 
Proceed  to  Steps  2.2  through  2.2.14. 
After  repairs  repeat  Step  2.0. 

The  input  voltage  is  available,  but 
there  is  a fault  in  the  remote-ener- 
gizing control  circuits  or  in  the 
regulator.  Proceed  to  Step  2.1.9. 

Proceed  to  the  next  step. 


Make  certain  that  no  one  is  or 
will  be  working  on  the  circuits. 
Then  close  the  switch,  circuit 
breaker,  or  cutout,  and  repeat 
Step  2.0. 

Proceed  to  Step  2.1.7. 


Proceed  to  the  next  step. 


Make  the  repairs  and  repeat  Step  2,0. 

Reset  the  switch  to  the  correct  posi- 
tion as  indicated  in  Step  2.1.43  and 
repeat  Step  2,0, 

The  cam  for  the  manual  ON 'control  is 
loose  on  the  shaft,  or  the  input 
switch  has  been  overloaded  or  woi'n. 
Make  the  repairs  and  repeat  Step  2,0. 

The  regulator  has  failed  internally. 
Make  or  obtain  repairs  as  instructed 
in  the  appropriate  Technical  Order  or 
instruction  manual.  "^Tien  repeat 
Step  2,0, 

Proceed  to  Step  2. 1.4.b. 
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Ste]>^  No.  Check  or  Test  Procedure 


Results 


Probable  Cause  and/or 
Corrective  Procedure 


2. 1.4. a To  set  the  tap-selector  switch 
by  measuring  the  output  currents 
turn  off  the  regulator  and  con- 
nect an  accurate  ammeter  into  the 
output  of  the  regulator.  With 
the  regulator  connected  to  the 
normal  load  at  brightness  step 
B5,  energize  the  regulator  and 
measure  the  output  current.  Set 
the  tap-selector switch  to  obtain 
an  output  current  nearest  nor- 
mal (6.6  or  20  amperes). 


2.1.4.b  Measure  the  input  voltage  at  the 
input  terminals  of  the  regulator 
as  follows.  Disconnect  the  in- 
put circuit  from  the  primary 
supply  system  and  connect  a suit- 
able potential  transformer  and/or 
voltmeter  (using  adequate  leads) 
to  the  input  terminals  of  the 
regulator.  Then  by  setting  the 
controls  to  energize  the  regu- 
lator and  its  normal  load,  de- 
termine the  input  voltage  to 
the  regulator. 

CAOTIGN 

Ose  extreme  care  in  measuring 
high  voltages.  Do  not  come  in 
contact  with  the  potential 
transformer,  the  voltmeter,  or 
the  leads  while  the  circuit  is 
energized. 

2.1.5  Continue  moving  the  potential 
transformer  and/or  the  volt- 
meter toward  the  source  of  power 
and  repeating  the  voltage  meas- 
urements of  Step  2. l*4.b  until 
the  fault  is  located. 


2.1.6  By  inspection,  check  the  bright- 
ness relays  to  be  certain  that 
one.  and  only  one.  relay  is 
closed  as  the  regulator  is  en- 
ergized. Also  check  all  auxil- 
iary wiring  and  interlocking  or 
interconnecting  contacts  for 
proper  adjustmentg  as  required, 
between  the  selected  bright- 
ness tap  and  the  regulating 
section  of  the  regulator. 


2.1,7  To  check  the  input  voltage  cir- 
cuit when  fuses  are  blown  or 
circuit  breakers  are  tripped,  re- 
place the  fuse  or  reset  the 
breaker  only  once  and  determine 
if  it  now  holds  as  the  regulator 
is  energized  again. 


The  output  current  is  too 
low. 


The  output  current  is  too 
high. 


The  output  current  is  satis- 
factory. 


Satisfactory  adjustmeht 
cannot  be  obtained. 

Input  voltage  is  present 
but  does  not  agree  with 
the  tap-selector  switch 
setting. 

The  input  voltage  is  pres- 
ent. but  is  is  not  within 
the  range  of  the  tap- 
selector  switch. 


The  input  voltage  is  preAa- 
dnt  and  agrees  with  the 
setting  of  the  tap-selector 
switch. 

The  input  voltage  is  zero. 


Set  the  tap-selector  switch  to  a 
lower  input  voltage  position  until 
the  correct  output  current  is  ob- 
tained. 

Set  the  tap-selector  switch  to  a 
higher  input  voltage  position  until 
the  correct  output  current  is  obtained 

The  tap- selector  switch  is  set  proper- 
ly. To  check  the  other  controls, 
repeat  Step  2,0. 

See  Step  2, 1.4.b. 


Reset  the  tap-selector  switch  to 
agree  with  the  input  voltage  when  the 
regulator  is  energizing  its  normal 
load. 

(k>nnect  the  regulator  to  a suitable 
source  of  power  by  using  the  re- 
quired distribution  transformers  or 
use  a regulator  with  an  input  rating 
suitable  for  this  input  voltage. 

Then  repeat  Step  2.(). 

If  the  regulator  it  not  operating 
satisfactorily,  the  fault  is  in  the 
brightness  controls  of  in  the  regu- 
lator, Proceed  to  Step  2.1.6. 

Proceed  to  the  next  step.  , 


The  point  of  failure  of  the  Make  the  repairs  and  repeat  Step  2.0. 
input  voltage  is  located. 


The  incoming  primary 
voltage  is  not  de- 
livering power. 


Restore  the  incoming  primary  volt* 
age  or  report  the  outage  to  the 
proper  authorities.  After  repairs, 
repeat  Step  2,0. 


The  brightness  relay  fails 
to  close,  or  there  is  an 
open  in  the  circuit  be- 
tween the  selected  bright- 
ness tap  and  the  regulat- 
ing sectlou  of  the  regu- 
lator. 


The  brightness  relays  and 
auxiliary  wiring  are 
operating  satisfactorily. 


The  fuse  or  circuit  break- 
er continues  to  hold. 


The  fuse  blows,  or  the 
breaker  trips  again. 


Adjust,  repair,  or  replace  the  faulty 
component.  If  the  brightness  relay 
is  not  energized  or  if  more  than  one 
relay  closes,  locate  the  fault  in  the 
brightness  controls  and  make  the  re- 
pairs. Proceed  to  Steps  2.3  through 
2,3.6,  if  necessary.  Then  repeat 
Step  2,0. 

The  fault  is  within  the  regulator. 
Make  or  obtain  repairs  as  instructed 
in  the  appropriate  Technical  Order 
or  instruction  manual.  Then  repeat 
Step  2,0, 

Probably  the  trouble  is  over,  but 
keep  this  failure  in  mind  should  the 
device  open  again.  Repeat  Step  2.0. 

The  circuit  overload,  the  protective 
device  which  op*rrs,  Pi*»ceed  to  the 
next  step. 


Step  ^'0B  Check  or  Test  Procedure 


Results 


f^obubie  Cause  a«d/oir 
Corrective  Procedure 


2.1,0  Check  for  any  possible  overloads 
which  could  cause  this  protective 
device  to  fail;  e.g,,  grounds  or 
shorts  on  the  input  circuit,  inad- 
equate capacity  of  the  fuse  or 
circuit  breaker  to  handle  the  to- 
tal possible  load,  other  loads  be- 
side the  regulator  which  could 
overload  this  component  in  normal 
or  faulty  operation,  or  two  or 
more  brightness  relays  closed  or 
energized  at  the  same  time  creat- 
ing a short  on  the  transformer 
in  the  regulator.  Only  after 
other  possible  causes  of  this 
overload  have  been  eliminated, 
assume  that  the  fault  is  in  the 
regulator. 


There  are  grounds  or 
shorts  on  the  input  cir- 
cuit. 

The  capacity  of  the  pro- 
tective device  is  not  ade- 
quate to  handle  the  maxi- 
mum possible  normal  load. 


Equipment  other  than  the 
regulator  overloads  the 
protective  device. 


Two  or  more  brightness 
relays  are  or  have  been 
closing  at  the  same  time. 


2.1.9  If  input  power  is  available  but 
the  regulator  does  not  deliver 
output  current  when  the  regu- 
lator is  energized  with  the  nor- 
mal controls,  check  the  energiz- 
ing controls  between  the  input 
switch  and  the  terminal  block  in 
the  regulator  control  compart- 
ment and  check  all  the  energiz- 
ing controls  for  proper  operation, 

2.1.10  'Vith  the  regulator  disconnected 
from  inout  power  and  with  load 
circuits  (and  any  short-circuit- 
ing jumpers)  disconnected  from 
the  output  terminals  of  the 
regulator,  check  across  the  out- 
put terminals  of  the  regulator 
with  an  ohmmeter  for-  continuity. 


The  overload  is  not  in 
the  inout  circuit,  other 
loads,  or  the  brightness 
controls. 


The  remote-energizing 
controls  do  not  operate 
satisfactorily  to  ener- 
gize the  regulator. 


The  remote-energizing 
controls  operate  satis- 
factorily. 


The  output  circuit  of  the 
regulator  does  not  have 
continuity. 


The  output  circuit  of  the 
regulator  has  continuity. 


fJliike  the  repairs  and  repeat  Step  2,0. 


Replace  the  device  with  one  of  ade- 
quate rating  for  the  load  or  redis- 
tribute the  load  to  stay  within  the 
rated  capacity  of  the  device.  Then 
repeat  Step  2,0, 

Repair  this  equipment,  if  faulty,  or 
redistribute  the  load  to  keep  the 
load  within  the  rating  of  the  protec- 
tive device.  Then  repeat  Step  2.0. 

Repair  the  relays  and  locate  the 
fault  in  the  brightness  controls 
which  causes  this  unsatisfactory 
operation  and  make  the  repairs.  If 
necessary,  use  Steps  2,3  through  2.3.6 
to  locate  the  fault  in  the  brightness 
controls.  Repeat  Step  2.0. 

The  fault  is  in  the  regulator.  Make 
or  obtain  repitlrs  as  instructed  in 
the  appropriate  Technical  Order  or 
instruction  manual.  Then  repeat 
Step  2,0, 

Locate  faults  and  make  repairs  in 
the  energizing  coturois,  proceeding 
as  directed  in  Steps  2.2  through 
2.2,14,  if  necessary.  Then  repeat 
Step  2,0, 

Proceed  to  the  next  step. 


Check  the  coil  of  the  series-current 
relay  and  all  terminals,  bushings, 
and  connections  in  the  output  circuit 
of  the  regulator  that  are  outside  the 
tank  for  opens  and  repair.  If  the 
oper  circuit  is  inside  the  tank  of 
the  regulator,  make  or  obtain  repairs 
as  instructed  in  the  appropriate 
Technical  Order  or  instruction 
manual.  Then  repeat  Step  2,0, 

The  fault  is  in  the  regulator  tank. 
.Make  or  obtain  repairs  as  instructed 
in  the  appropriate  Technical  Order 
or  instruction  manual.  Then  repeat 
Step  2,0. 


Step  No.  Check  or  Tisst  Procedure 


=•19- 


Probabie  Cause  and/or 
Corrective  Procedure 


Locating  Faults  In  the  Protective  Belovs  and  the  Remote-EiaarQlzlnQ  Controls. 


2.2  To  check  the  protective  relays 
and  the  remote-energizing  cun« 
trols,  with  the  output  uf  the 
regulator  shorted  as  Instructed 
in  Step  2.0,  carefully  observe 
the  action  of  the  protector  and 
the  series-current  relays  as  the 
regulator  is  energized  from  one 
of  the  control  stations. 

NOTE;  Normal  action  of  these 
relays  varies  with  the  type  of 
regulator. 

2.2.1  Repeat  the  visual  check  of  op« 
eration  of  the  protective  relays 
as  in  Step  2.2  as  the  regulator 
is  energized  from  each  of  the 
other  control  panels. 


2.2.2  With  the  control  and  input 
voltage  turned  off,  inspect  the 
protector  and  series-current  re- 
lays for  burned,  dirty,  pitted, 
corroded,  or  poorly  adjusted 
contacts,  for  opens  or  crossed 
connections  in  the  wiring;  for 
binding  in  the  movement  of  the 
relays;  and  with  an  ohmmeter 
check  for  open  or  shorted  coils 
in  the  relays. 

NOTE:  In  some  types  of  regu- 

lators the  protector  relay  oper- 
ates against  a dashpot  and  is 
sluggish  in  its  movements. 

2.2.3  Check  the  protective  relays  for 
overload  (open-circuit)  pro- 
tection by  opening  the  output 
circuit  of  the  regulator. 

Check  the  time  required  after 
the  regulator  is  energized  be- 
fore the  protective  relays  turn 
off  the  regulator. 


2.2.4  De-energi2;e  the  regulator.  With 
a voltmeter  measure  the  voltage 
at  the  regulator  relay  panel 
between  CR  and  L|^  as  the  con- 
trol circuits  are  energized  from 
a control  panel  which  indi- 
cated faulty  operation. 


The  protector  relay  opens 
in  much  less  time  than  re- 
quired for  the  series- 
current  relay  to  operate. 

The  protector  relay  and/or 
the  series-current  relay 
fails  to  operate  satis- 
factorily. 

Both  relays  operate  nor- 
mally. 

One  or  both  relays  fail  to 
operate  normally  from  one 
or  more  of  the  other  con- 
trol panels. 

The  relays  operate  satis- 
factorily from  all  control 
panels. 


One  or  both  protective 
relays  have  faults. 

Both  relays  are  in  satis- 
factory condition. 


The  delay  is  not  adequate  for  nor- 
mal operation.  Proceed  to  Step 
2,2.3, 


Proceed  to  Step  2.2.2, 


Proceed  to  the  next  step. 


Proceed  to  Step  2.2.4. 


No  faulty  operation  occurred  during 
the  test,  but  if  there  is  intermit- 
tent unsatisfactory  operation  as 
from  too  short  delay,  proceed  to 
Step  2.2.3. 

Adjust,  repair,  or  replace  the  re- 
lay (s)  and  repeat  Step  2.0. 

Proceed  to  Step  2.2.4. 


The  protector  relay  turns 
off  the  regulator  after  the 
normal  delay.  (Delay  is  \/l 
to  2 seconds,  depending  on 
the  type  of  regulator.) 

The  protective  relays  do 
not  turn  off  the  regulator, 
or  the  delay  is  much  more 
or  less  than  noroul. 

NOTE:  On  some  types  of 

regulators,  such  as  the 
NC-3  and  C-3  types,  there 
may  be  no  appreciable  de- 
lay except  when  the  output 
circuit  is  opened  under 
load. 

The  voltage  is  zero. 

The  voltage  is  approxi- 
mately 115  volts. 


The  open-circuit  protection  is 
satisfactory,  and  the  protector 
relay  is  functioning  normally. 


Adjust  the  protector  relay  to  turn 
off  the  regulator  after  the  correct 
delay  (1/2  to  2 seconds),  or  repair 
or  replace  the  relays,  if  necessary. 
If  the  protective  relays  do  not 
turn  off  the  regulator,  make  certain 
that  the  output  circuit  of  the  regu- 
lator is  not  shorted  out  or  grounded 
to  allow  output  current  to  flow. 


Proceed  to  Step  2.2,6. 
Proceed  to  the  next  step. 


Il 
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Step  No«  Check  or  Ibst  Procedure 


2s2.S  Check  the  Unput  switch,  the 
main  contactor,  and/or  the 
remote-control  oil  switch,  and 
the  control  wiring  for  these 
units  back  to  the  regulator  con- 
trol compartment  for  burned,  pit- 
ted, dirty,  corroded,  or  poorly 
adjusted  contacts;  grounded,  open, 
shorted,  or  crossed  connections 
or  wiring;  sticking,  binding,  or 
unsatisfactory  operation  of 
movements;  and  with  an  ohnneter 
check  for  open  or  shorted  coils. 


A switch,  contactor,  or 
control  circuit  is  not 
satisfactory. 

The  switches,  contactors, 
and  control  wiring  are 
satisfactory. 


2,2,6  With  a voltmeter  measure  the 
input  voltage  to  the  control 
distribution  panelboard  from 
each  side  to  neutral. 


The  voltage  is  approxi- 
mately 115  volts  for  each 
side. 

The  voltage  of  one  or 
both  sides  is  zero. 


2.2.7  Cheek  the  distribution  wiring  This  wiring  has  a fault 

from  the  incoming  primary  voltage  or  faulty  component, 
to  the  control  distribution 
panelboard  for  opens,  shorts, 
grounds,  or  faulty  components. 

This  wiring  and  compolaents 
are  satisfactory. 


2,2,8  Measure  the  output  voltage  of 
the  control  distribution  panel- 
board between  neutral  and  Lj 
and  the  transfer-control  cir- 
cuit with  the  corresponding 
circuit  breakers  in  the  ON 
position. 


The  output  voltage  of 
each  circuit  is  approxi- 
mately 115  volts. 

The  output  voltage  of  one 
or  both  circuits  is  zero. 


2.2.9  Check  the  wiring  and  the  cir- 
cuit breakers  in  the  control 
distribution  panel  until  the 
fault  or  tripped  breaker  is 
found, 

2.2.10  Transfer  control  to  the  lighting  The  voltage  is  approxi- 

control  panel  being  tested.  mately  115  volts. 

Then  with  Lj  on  the  control  dis- 
tribution panel  energized.  The  voltage  is  zero, 

measure  the  voltage  at  the  control- 
panel  terminal  board  between  Lj 
and  ground  or  neutral. 


2,2,11  By  inspection  or  by  ohmmeter  or 
voltmeter  measurements,  check 
the  L][  control  circuit  from  the 
control  distribution  panel  thru 
the  transfer  relay  panel  to  the 
terminal  board  in  this  control 
panel  for  opens,  shorts  between 
circuits,  grounds,  or  crossed 
connections.  Also  check  the 
transfer  relay  for  proper  posi- 
tion to  transfer  control  to  this 
control  panel. 


The  Lj  circuit  has  opens, 
grounds,  shorts,  or  crossed 
connections. 

The  transfer  relay  has  not 
transferred  control  to 
this  control  panel. 


Probable  Cause  ana/dr 
Corrective  Procedure 

Adjust,  repair,  or  replace  the 
faulty  component,  and  repeat 
Step  2,0, 

The  energizing  control  circuits 
are  satisfactory  from  this  control 
panel.  Check  each  of  the  other 
control  panels,  repairing  or  re- 
placing faulty  components  as  neces- 
sary. When  each  control  panel 
energizes  the  regulator  satisfac- 
torily, the  energizing  controls 
are  satisfactory. 

Control  voltage  is  present  at  this 
point.  Proceed  to  Step  2,2,6, 


Proceed  to  the  next  step. 


Rbke  the  repairs  and  repeat  Step 
2,0.  If  the  faulty  component  is  a 
blown  fuse  which  continues  to  blow, 
locate  the  overload  and  repair. 

The  incoming  primary  voltage  has 
failed.  Repair  the  incoming  pri- 
mary voltage  or  report  the  outage 
to  the  proper  authorities.  After 
repairs,  repeat  Step  2,0. 

Proceed  to  Step  2,2.10, 


Proceed  to  the  next  step. 


Make  the  repairs.  If  the  fault  is 
a tripped  breaker,  reset  it  only  one 
time.  If  the  breaker  trips  again, 
locate  the  overload  and  make  the  re- 
pairs, Then  repeat  Step  2,0, 

Control  voltage  is  present  to  this 
point.  Proceed  to  Step  2,2,13, 

Proceed  to  the  next  step,  . . 


Make  the  repairs  and  repeat  Step  2.0, 


Proceed  to  the  next  step. 
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Step  No,  Cheek  or  Test  Procedure 


Results 


2.2.12  By  inspection  or  by  ohrometer  or  x 
'voltmeter  measurements,  check  the 

transfer-circuit  controls  from 
the  control  distribution  panel 
thru  the  transfer  switch  to  the 
transfer  relays  for  opens,  shorts 
between  circuits,  grounds, 
crossed  connections,'  aiid  check 
the  transfer  switch  for  faults. 

Check  the  relay  coils  for  opens 
or  shorts,  and  the  relays  for 
proper  operation.  Check  until 
the  fault  is  located. 

2.2.13  For  the  control  panel  and  the  The  voltage  is  zero, 
circuit  being  tested,  set  the  con- 
trols for  energizing  the  regulat- 
or and  measure  the  voltage  at  the 

control-panel  terminal  board  be- 
tween the  corresponding  output 
terminal  (9,  6,  or  other)  and 
ground  or  neutral. 


2,2.14  By  inspection  or  by  ohmmeter  or 
voltmeter  measurements,  check 
the  energizing  control  circuits 
from  the  output  terminal  (9,  8, 
or  other)  in  the  control  panel 
thrqi^h  the  transfer-relay  panel 
to  the  regulator  control  com- 
partment for  opens,  shorts  be- 
tween circuits,  grounds,  or 
crossed  connections. 


The  output  voltage  is 
approximately  IIS  volts. 

There  are  faults  in  the 
energizing  control  cir- 
cuits. 

The  energizing  circuits 
are  satisfactory. 


Locating  Faults  in  the  Brightness  Control  Circuits 


2.3 


To  check  the  brightness  controls, 
de-energize  the  regulator  and  the 
control  circuits.  Visually  in- 
spect the  brightness  relays  for 
welded,  burned,  pitted,  dirty, 
corroded,  or  poorly  adjusted  con- 
tacts; for  opens,  shorts  between 
circuits,  grounded  or  crossed 
connections  in  the  wiring:  for 
binding  or  stuck  relay  movements; 
or  by  using  an  ohmmeter,  check 
for  opens  or  shorts  in  the  relay 
coils. 


One  or  more  relays  are 
not  satisfactory. 


The  relays  and  wiring 
are  satisfactory. 


2.3.1 


With  the  regulator  de-energized, 
transfer  control  to  and  operate 
the  remote  controls  from  the 
panel  being  tested  and  measure 
the  brightness  control  voltage. 

At  the  terminal  block  of  the 
regulator  control  compartment, 
simultaneously  measure  the  volt- 
age between  LfjR  and  each  of  the 
brightness  terminals  (Bl,  B2,  B3, 
B4  and  B5)  as  each  of  the  bright- 
ness settings  is  selected  and 
energized. 


For  one  or  more  terminals 
the  voltage  is  not  approx- 
imately 115  volts  when  se- 
lected, or  is  115  volts 
when  not  selected. 

The  voltage  at  each  se- 
lected terminal  is  IIS 
volts,  but  induced  or  leak- 
age voltage  has  one  or  more 
other  terminals  not  select- 
ed well  above  zero,  espec- 
ially during  the  switching 


Probable  Cause  and/or 
Corrective  Procedure 

Make  the  repairs  and  repeat  Step 

2.0, 


Find  the  open,  ground,  short, 
crossed  connection,  or  faulty 
switch  or  circuit  breaker  in  the 
control  panel,  and  make  the  repairs. 
If  the  fault  is  a tripped  circuit 
breaker  which  continues  to  trip  and 
if  the  overload  is  not  in  the  con- 
trol panel,  check  for  grounds  or 
shorts  in  the  energizing  controls, 
the  brightness  controls,  or  the 
circuit-selector  controls.  Repair. 
Then  repeat  Step  2.0. 

Proceed  to  the  next  step. 


Make  the  repairs  and  repeat  Step  2.0. 


The  energizing  controls  from  this 
control  panel  are  satisfactory. 
If  necessary,  check  the  energizing 
controls  from  the  other  control 
panels. 


Adjust,  repair,  or  replace  the  relay 
and  repeat  Step  2.0. 

CAUTION 

If  the  contacts  of  one  or  more  re- 
lays are  welded,  burned,  or  pitted 
from  operating  under  load  or  if  more 
than  one  relay  is  closing  at  the 
same  time,  do  not  energize. the 
regulator  aoaln  until  Steps  2.3,1 
through  2,3,6  have  been  completed. 
Proceed  to  the  next  step  . 


Proceed  to  Step  2,3,4, 


Induced  or  leakage  voltage  is 
present.  Proceed  to  Step  2,3,3, 


Step  NOe  Check  or  Test  Procedure 
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2.3.1 

(cont.) 


2.3.2  Check  the  wiring,  connections, 
and  bushings  in  the  regulator 
control  compartment,  from  the 
brightness  relays  to  the  tank  of 
the  regulator,  for  opens,  shorts 
between  circuits,  grounds,  or 
crossed  connections  in  the  wir- 
ing and  for  cracked,  broken,  or 
loose  bushings* 


operations!  or  bright- 
ness relay  contacts  are 
burned,  welded,  or  pitted. 

The  voltage  at  each  ter- 
minal is  at  or  near  zero  at 
all  times,  except  that  it 
is  approximately  115  volts 
when  the  corresponding 
brightness  setting  is 
se lected. 

Faults  are  present  in  this 
wiring. 

This  wiring  is  satis- 
factory. 


2.3.3  To  check  for  the  presence  of  or 
cause  of  induced  or  leakage  volt- 
age, visually  observe  the  action 
of  the  relays  for  the  tendency 
of  any  relay  not  selected  to  op- 
erate, or  of  any  relay  that  is 
selected  to  drop  out.  and  simul- 
taneously check  for  these  volt- 
ages with  voltmeters  as  each  pos- 
sible switching  operation  is 
performed.  Make  the  checks  for 
the  switching  of  all  other  equip- 
ment  as  well  as  of  that  affecting 
this  regulator.  Perform  these 
checks  carefully  and  thoroughly, 
especially  if  primary  fuses  are 
blown,  or  if  relay  contacts  are 
welded,  burned,  or  pitted. 


Induced  or  leakage  volt- 
age tends  to  operate  one 
or  more  relays,  or  is  in- 
dicated, even  momentarily. 


A fixed  (not  induced  or 
leakage)  voltage  is  im- 
pressed on  a relay  other 
than  the  one  selected. 


2,3,4 


Check  the  brightness  selections 
at  the  control  panel  being  tested 
by  measuring  the  voltages  simul- 
taneously with  voltmeters  or  in- 
candescent lamps  at  the  terminal 
block  in  the  control  panel  between 
the  brightness  terminals  Bl,  B2. 
B3,  B4,  and  B5  and  ground  or  neu- 
tral as  each  brightness  setting  is 
selected. 


The  voltage  is  zero  for 
one  or  more  selected 
terminals. 


The  voltage  is  115  volts 
for  one  or  more  terminals 
not  selected. 


The  voltage  is  115  volts 
at  each  terminal  as  se- 
lected and  is  zero  at  all 
other  times. 


Probable  Cause  and/or 
Corrective  Procedure 


The  remote  brightness  controls  from 
this  control  station  are  satisfac- 
tory. If  the  regulator  does  not 
operate  on  one  or  more  settings  when 
energized  for  normal  operation,  pro- 
ceed to  the  next  step. 


Make  the  repairs  and  repeat  Step  2.0. 


The  fault  is  inside  the  tank  of  the 
regulator.  Make  or  obtain  repairs 
as  instructed  in  the  appropriate 
Technical  Order  or  instruction  manual* 


Eliminate  the  induced  or  leakage 
voltage  by: 

a.  Separating  the  control  circuits 
from  high  current-carrying  con- 
ductors in  the  same  or  nearby 
paralleling  cables; 

b.  Replacing  a circuit  with  poor 
insulation  with  one  with  ade- 
quate insulation; 

c.  Using  a shielded  cable  for  the 
control  cable  and  have  a return 
neutral  wire  in  the  cable. 

If  it  is  not  practical  to  eliminate 
the  induced  or  leakage  voltage,  re- 
duce the  effects  of  this  voltage  by: 

a.  Replacing  the  relay  (s);  or 

b.  Shunting  the  coil  of  the  relay ($) 
with  a low  impedance,  such  as  a 
low-wattage  incandescent  lamp. 

Then  repeat  Step  2.0, 

A short  between  circuits  or  crossed 
connection  exists  in  the  control 
circuits.  Proceed  to  the  next  step. 

Locate  the  open  in  the  wiring  in  the 
control  panel  or  the  fault  in  the 
selector  switch,  ^bke  the  repairs 
and  repeat  Step  2.0, 

Locate  the.  short  between  circuits 
or  crossed  connection  in  the  wiring 
in  the  control  panel  or  in  the  se- 
lector switch.  Make  the  repairs  and 
repeat  Step  2,0,  If  the  fault  is  not 
in  the  control  panel  or  selector 
switch,  the  fault  is  a short  iH’tnren 
circuits  in  the  control  cable,  !Yo- 
ceed  to  Step  2,3.6, 

To  check  the  timing  and  operation 
of  the  interlocks,  if  any,  of  she 
selector  switch,  proceed  to  the  next 
step. 
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Step  No,  Check  or  Test  Procedure 


Results 


2,3.5 


For  those  regulators  requiring 
interlocks,  check  the  operation 
and  timing  of  the  brightness- 
selector  switch  to  prevent  oper- 
ation of  the  brightness  relays 
under  load.  With  the  voltmeters 
or  incandescent  lamps,  measure 
voltage  between  each  brightness 
terminal,  Bl,  B2,  B3,  B4,  B5,  and 
CR,  and  ground  or  neutral,  as 
each  setting  is  selected.  Make 
certain  the  interlock  opens  be- 
fore the  switch  breaks  contact 
of  the  present  setting  and  re- 
mains open  until  after  contact 
of  the  new  setting  is  completed. 


The  interlock  does  not 
open  or  close  the  cir- 
cuit, or  the  timing  is 
not  satisfactory. 

The  voltage  at  each  ter- 
minal selected  is  approxi- 
mately 115  volts,  and  the 
interlock  (CR)  opens  be- 
fore and  closes  after  the 
selected  brightness  con- 


2.3.6  By  inspection  or  by  ohmmeter  or 
voltmeter  measurements,  check 
each  of  the  brightness-control 
circuits,  from  the  terminals  Bl, 
B2,  B3,  B4,  B5  and  CR  in  the 
control  panel  through  the  trans- 
fer relay  panel  to  the  regulator 
control  compartment,  for  opens, 
shorts  between  circuits,  grounds, 
or  crossed  connections. 


There  are  faults  in  the 
brightness  control  cir- 
cuits. 

The  brightness-control 
circuits  are  satisfac- 
tory. 


Locating  Faults  in  the  Circuit-  (Runway-) 

2.4  To  check  the  circuit-selector 
controls,  remove  all  short  cir- 
cuits on  the  output  of  the  reg- 
ulator and,  after  connecting  the 
field  circuits  to  the  regulator, 
visually  check  every  circuit  as 
each  circuit  Is  selected  and  en- 
ergized. (For  some  types  of  cir- 
cuits such  as  taxiway  lights,  it 
may  be  possible  to  energize  and 
check  more  than  one  circuit,  or 
all  circuits,  at  the  same  time.) 

2,4,1  Transfer  control  to  and  test 
each  of  the  other  control 
panels  by  repeating  the  visual 
check  of  operations  as  in  Step 
2.4. 


2,4,2  De-energize  the  regulator  and 

the  control  circuits.  Visually 
inspect  the  wiring,  the  bushings, 
and  the  series-plug  cutouts  in 
the  runway-selector  cabinet  for 
opens,  shorts  between  circuits, 
grounds,  and  loose  or  crossed 
connections;  for  welded,  burned, 
pitted,  dirty,  corroded,  or 
poorly  adjusted  relay  contacts; 
find  check  the  relays  for  binding 
or  stuck  rnovetnents.  With  an 
ohffiifieter  check  for  opens  or 
shorts  In  the  relay  coils. 


■^■lectvr  Contrgl.circMiti. 

The  selected  circuit  is 
not  energized,  or  a cir- 
cuit not  selected  is 
energized. 

Each  circuit  is  energized 
as  selected. 


From  one  or  more  panels 
the  selected  circuit  is  not 
energized,  or  a circuit  not 
selected  is  energized. 

Each  circuit  is  energized 
as  selected  from  each  of 
the  control  panels. 

There  are  faults  in  the 
wiring  or  components. 


There  are  no  faults  in 
the  wiring  or  components 
in  the  runway-selector 
cabinet. 


Probable  Cause  and/or 
Corrective  Procedure 

Adjust,  repair,  or  replace  the  se- 
lector switch.  Then  repeat 
Step  2.0 


The  interlock  and  brightness  wiring 
in  the  control  panel  is  satisfactory. 
The  fault  is  in  the  circuit  between 
the  relay  panel  and  the  inside  of 
the  regulator.  Proceed  to  the  next 
step. 


Make  the  repairs  and  repeat  Step  2.0, 


The  brightness  controls  from  this 
control  panel  are  satisfactory. 
Check  the  brightness  controls  from 
the  other  control  panels. 


Proceed  to  Step  2.4,2, 


The  circuit-selector  controls  from 
this  control  panel  are  satisfac- 
tory. To  check  the  other  control 
panels,  proceed  to  the  next  step. 


There  are  faults  in  the  selector 
controls  from  this  panel.  Pro- 
ceed to  Step  2.4.4. 


The  circuit-selector  controls  are 
satisfactory. 


Make  the  repairs  and  repeat  Step 
2.4.  If  the  fault  is  welded, 
burned,  or  pitted  relay  contacts 
which  have  been  damaged  from  operat- 
ing under  load,  proceed  to  Step  2.4.4 

Proceed  to  the  next  step. 
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Stop  NOo  Check  or  Test  Procedure 


Results 


There  are  faults  in  this 
output  circuit. 

This  output  wiring  is 
satisfactory. 


The  voltage  at  each  ter- 
minal is  at  or  near  zero 
at  all  tin&s  except  that 
it  is  approxiinately  115 
volts  when  the  correspond- 
ing circuit  is  selected, 

vot  one  or  more  terminals 
the  voltage  is  not  approxi- 
rodtely  115  volts  when 
SttlecteJ,  Off  is  115  volts 
whejq  not  selected, 

Tbi  Voltage  at  each  ter- 
, minus  selected  is  115 
volts,  Ltit  induced  or 
leakage  voltage  has  one  or 
more  ottier  terminals  not 
selected  well  above  zero, 
especially  during  the 
switching  operations;  or 
the  relay  contacts  were 
welded,  burned,  or  pitted. 

Induced  or  leakage  voltage 
tends  to  operate  or  is 
indicated,  even  momentar- 
ily, for  one  or  more  relays. 


A fixed  (not  induced  or 
leakage)  voltage  is  im- 
pressed on  a relay  other 
than  the  one  selected. 

The  voltage  is  zero  for 
one  or  more  selected 
terminals. 

The  voltage  is  115  volts 
for  one  or  more  terminals 
which  were  not  selected. 


Probable  Cause  and/or 
Corrective  Procedure 

Make  the  repairs  and  repeat  Step 

2,0, 

The  fault  is  in  the  circuit-se- 
lector control  circuits.  Proceed 
to  the  next  step. 

The  remote  circuit-selector  controls 
from  this  control  panel  are  satis- 
factory, Repeat  the  check  using  other 
control  panels. 


The  fault  is  in  the  control  wiring. 
Proceed  to  Step  2,4.6. 


Induced  or  leakage  voltage  is 
present.  Proceed  to  the  next  step. 


Eliminate  the  induced  or  leakage 
voltage  bys 

a.  Separating  the  control  circuits 
from  high  current  carrying  con- 
ductors in  the  same  or  nearby 
paralleling  cables; 

b.  Replacing  a circuit  with  poor 
insulation  with  one  with  ade- 
quate insulation;  or 

c.  Using  a shielded  cable  for  the 
the  control  cable  and  having  a 
returnneutral  wire  in  the  cable. 

If  it  is  not  practical  to  eliminate 
the  induced  or  leakage  voltages, 
reduce  the  effectiveness  of  the 
voltages  by: 

a.  Replacing  the  relay  (s);  or 

b.  Shunting  the  coll  of  the  re- 
lay (s)  with  a low  impedance, 
such  as  a low-wattage  incan- 
descent lamp. 

Then  repeat  Step  2,4, 

A short  between  circuits  or  crossed 
connection  exists  in  the  control 
circuits.  Proceed  to  the  next  step. 

Locate  the  open  in  the  wiring  in 
the  control  panel  or  the  fault  in 
the  selector  switch,  Make  the  re- 
pairs and  repeat  Step  2, 4, 

Locate  the  short  Iw^twcen  circuits, 
or  crossed  connection  in  the  wiring 
in  the  control  panel  or  in  tlie  se- 
lector switch.  Make  the  repairs  and 
repeat  Step  2.4.  If  the  fault  is 
not  in  the  selector  switch,  the  fault 
is  a short  between  circuits  in  the 
control  cable,  SVoceed  to  Step  2.4.ti, 


2.4.3  Check  the  output  wiring  between 
the  output  terminals  of  the  reg- 
ulator and  the  runway-selector 
cabinet  for  opens,  shorts  between 
circuits,  grounds,  or  loose  con- 
nections, and  for  cracked  or 
broken  bushings, 

2.4.4  With  the  regulator  de-energized, 
transfer  control  to  and  operate 
the  remote  controls  from  the 
panel  being  tested  and  measure  the 
selector-circuit  control  voltage. 
At  the  control  terminal  block  of 
the  runway- selector  cabinet,  si- 
multaneously measure  the  voltage 
between  IL^  and  each  of  the  cir- 
cuit-selector control  terminals, 
Rl,  R2,  R3,  R4,  and  CR,  etc., 

as  each  circuit  is  selected  and 
energized. 


2,4,5  To  check  for  the  presence  or 
Cause  of  induced  or  leakage 
voltages,  visually  observe  the 
action  of  the  relays  for  the 
tendency  of  any  relay  not  se- 
lected to  operate,  or  for  any 
relay  that  is  selected  to  drop 
out;  and  simultaneously  measure 
for  these  voltages  with  voltmet- 
ers as  each  possible  switching 
operation  is  performed.  Make 
the  checks  for  the  switching  of 
all  other  equipment  as  well  as  of 
that  affecting  these  circuits. 
Perform  these  checks  carefully 
and  thoroughly,  especially  if 
primary  fuses  are  blown  or  cir- 
cuit breakers  are  tripped,  or  if 
relay  contacts  are  welded, 
burned,  or  pitted  from  operating 
under  load. 


2.4,6  Check  the  circuit  selections  at 
the  control  panel  being  tested 
by  measuring  the  voltages  simul- 
taneously with  voltmeters  or  in- 
candescent lamps  at  the  terminal 
block  in  the  control  panel  be- 
tween the  circuit-selector  ter- 
minals Rl,  R2,  R3,  R4,  etc.,  and 
ground  or  neutral  as  each  circuit 
is  selected. 
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Step  No.  Check  or  Test  Procedure 

2.4.6 
(cont. ) 


2.4.7  For  those  circuit-selecting  re- 
lays requiring  interlocks  to 
prevent  operation  of  the  relays 
while  under  load,  check  the  op- 
eration and  timing  of  the  cir- 
cuit-selector switch.  With  the 
voltmeters  or  incandescent  lamps, 
measure  the  voltage  between  each 
circuit-selector  terminal  (9,  Rl, 
R2,  R3,  R4,  etc.)  and  ground  or 
neutral  at  the  control  panel  se- 
lector board,  as  each  circuit  is 
selected,  ^bke  certain  the  in- 
terlock (9)  opens  before  the 
switch  breaks  contact  of  the 
present  selection  and  remains  o- 
pen  until  after  contact  of  the 
new  selection  is  completed, 

2.4.8  By  inspection  or  by  ohnmeter  or 
voltmeter  measurements,  check 
each  of  the  circuit-selector 
control  circuits,  from  the  ter- 
minals (Rl,  R2,  R3,  R4,  etc.) 
in  the  control  panel  through 
the  transfer-relay  panel  to  the 
runway-selector  cabinet,  for 
opens,  shorts  between  circuits, 
grounds,  or  crossed  connections. 


Results 


The  voltage  is  115  volts 
at  each  terminal  selected 
and  is  zero  at  all  other 
times. 

The  interlock  does  not 
open  or  close  the  circuit 
for  some  selections,  or 
the  timing  is  not  satis- 
factory. 


The  voltage  at  each  ter- 
minal selvocted  is  approxi- 
mately. 115  volts,  and  the 
interlock  opens  before  and 
closes  after  the  selected 
contact. 


There  are  faults  in  the 
circuit-selector  control 
circuits. 

The  circuit-selector 
control  circuits  are 
satisfactory. 


Probable  Cause  and/or 
Corrective  Procedure 


To  check  the  timing  and  operation 
of  the  interlocks  and  of  the  se- 
lector switch,  proceed  to  the 
next  step. 

Adjust,  repair,  or  replace  the 
selector  switch.  Then  repeat 
Step  2.4, 


The  interlock  and  circuit-selector 
wiring  in  the  control  panel  is 
satisfactory.  If  the  circuit-se- 
lection control  operation  is  not 
satisfactory,  the  fault  is  in  the 
circuits  between  the  control  panel 
and  the  runway-selector  cabinet. 
Proceed  to  the  next  step. 


iiake  the  repairs.  Then  repeat 
Step  2,4  or  Step  2,0, 

The  circuit-selector  controls  from 
this  control  panel  are  satis- 
factory, If  necessary,  check  the 
circuit- selector  controls  from  the 
other  control  panels. 
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3.0  TRODBLESHOOTING  CHARTS 

The  troubleshooting  charts  given  in  this  section  are 
based  on  the  ^tep~by°J^tep  phrocedure  given  in  Section  2.  For 
maintenance  personnel  with  considerable  experience  and  fam- 
iliarity with  step-by-step  procedureSo  this  briefer  and  pic- 
ture-form arrangement  may  be  the  more  useful  method.  If  the 
instructions  given  here  are  too  brief,  the  corresponding 
Step  in  the  Step-by-^Step  procedure  will  provide  additional 
details.  The  method  of  using  these  charts  is  the  same  as 
that  for  the  ^tep-by-Step  procedure.  The  special  instructions 
given  for  the  Detailed  Step-by-Step  Procedure  also  apply  for 
the  Troubleshooting  Charts.  The  numbers  used  in  the  steps  of 
these  charts  correspond  to  the  step  numbers  of  the  step-by- 
step  procedure.  In  these  charts  the  rectangular  boxes  contain 
check  or  test  instructions  or  repair  information.  The  oval 
boxes  contain  supplementary  information  such  as  probable 
causes  or  incidental  instructions.  A star  (*)  on  a line  fol- 
lowing a check  or  test  identifies  the  point  for  which  the 
accompanying  result  applies.  A dot  (°)  before  a particular 
instruction  indicates  the  location  of  a fault.  Upon  comple- 
tion of  the  work  outlined  in  the  instruction,  the  major  step 
in  the  procedure  should  be  repeated  to  determine  if  other 
faults  exist  or  if  the  circuit  is  ready  to  be  returned  to 
normal  operation.  From  a given  step,  the  chart  branches  into 
a description  of  each  of  the  results  which  may  be  expected. 
When  more  than  one  result  or  step  requiring  a similar  pro- 
cedure can  be  conveniently  arranged  to  join  into  a succeeding 
step  and  thus  avoid  repetition,  a brace  ^ is  used. 

When  a set  of  loose  individual  charts  is  available,  they  may 
be  mounted  together  to  form  a complete  troubleshooting  chart. 


The  load  current  is  too  * 

I high,  but  the  short-circuit  * 
current  is  normal.  I 

(The  secondaries  of  a number  of  isolating  (IL 
transformers  are  open,  or  too  many  series- 
multiple  transformers  are  in  the  circuit. 


° Replace  all  burned  out  lamps. 

° Repair  the  opens  in  the  secondaries  of  IL 
transformers. 

° Replace  faulty  IL  transformers. 

° Remove  series -multiple  units  from  the  cir- 
cuit, and  replace  with  series -series  type  of 
units  if  necessary. 
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3.0  TROUBLESHOOTING  CHARTS 

The  troubleshooting  charts  given  in  this  section  are 
based  on  the  ^tep»by-:§tep  [Procedure  given  in  Section  2.  For 
maintenance  personnel  with  considerable  experience  and  fam- 
iliarity with  step-by-step  procedures^  this  briefer  and  pic- 
ture-form arrangement  may  be  the  more  useful  methodo  If  the 
instructions  given  here  are  too  brief,  the  corresponding 
Step  in  the  Step-by-.Step  procedure  will  provide  additional 
details.  The  method  of  using  these  charts  is  the  same  as 
that  for  the  ^>tep-by-Step  plrocedureo  The  special  instructions 
given  for  the  Detailed  Step-by-Step  Procedure  also  apply  for 
the  Troubleshooting  Charts,  The  numbers  used  in  the  steps  of 
these  charts  correspond  to  the  step  numbers  of  the  step-by- 
step  procedure.  In  these  charts  the  rectangular  boxes  contain 
check  or  test  instructions  or  repair  information.  The  oval 
boxes  contain  supplementary  information  such  as  probable 
causes  or  incidental  instructions,  A star  (*)  on  a line  fol- 
lowing a check  or  test  identifies  the  point  for  which  the 
accompanying  result  applies,  A dot  (°)  before  a particular 
instruction  indicates  the  location  of  a fault.  Upon  comple- 
tion of  the  work  outlined  in  the  instruction,  the  major  step 
in  the  procedure  should  be  repeated  to  determine  if  other 
faults  exist  or  if  the  circuit  is  ready  to  be  returned  to 
normal  operation.  From  a given  step,  the  chart  branches  into 
a description  of  each  of  the  results  which  may  be  expected. 
When  more  than  one  result  or  step  requiring  a similar  pro- 
cedure can  be  conveniently  arranged  to  join  into  a succeeding 
step  and  thus  avoid  repetition,  a brace  is  used. 

When  a set  of  loose  individual  charts  is  available,  they  may 
be  mounted  together  to  form  a complete  troubleshooting  chart. 


Isolation  of  Faults 
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These  chares  are  based  on  an  assumed  report  that  certain 
circuits  or  sections  of  series  lights  are  not  operating  prop- 
erly. To  keep  the  chart  general  and  to  prevent  unnecessary 
repetition,  any  additional  information  in  the  malfunction  re- 
port or  further  information  which  may  be  obtained  before 
starting  the  troubleshooting  has  not  been  considered  in 
preparing  these  charts.  These  charts  are  started  from  a 
check  in  the  vault  rather  than  a visual  check  of  operations, 
because  at  many  fields  where  the  circuits  are  distant  from 
operations  and  transportation  and  communication  facilities 
are  limited,  the  saving  in  time  and  effort  may  be  consider- 


able. For  those  thoroughly  familiar  with  troubleshooting 
procedures  for  series  circuits  a simplified  procedure  is 
given  in  the  section  on  Troubleshooting  by  Symptoms,  but  if 
difficulty  is  encountered  in  locating  faults  by  this  proced- 
ure, return  to  these  charts  or  the  Step-by-Step  Procedure 
and  follow  instructions  carefully.  The  numbers  used  in  the 
steps  of  these  charts  correspond  to  the  Step  numbers  in  the 
Step-by-Step  Procedure.  The  Step-by-Step  Procedure  con- 
' tains  more  detailed  instructions  and  references.  On  these 
charts  the  rectangular  boxes  contain  instructions  on  things 
to  do,  the  ovals  contain  supplementary  information. 


a (*)  on  a line  following  a procedure  identifies  the  point  for 
which  the  accompanying  result  applies,  and  the  dot  (°)  be- 
fore a particular  instruction  indicates  the  location  of  a 
trouble  or  fault  and  indicates  that  upon  completion  of  the 
instruction  the  major  step  in  the  procedure  should  be  re- 
peated to  check  for  other  symptoms  or  the  circuit  should  be 
restored  to  normal  operation.  When  a step  is  performed 
the  chart  branches  into  each  of  possible  results  to  be  ex- 
pected. When  more  than  one  result  or  step  requiring  a 
similar  procedure  can  be  conveniently  arranged  to  join  into 
a succeeding  step  and  avoid  repetition  a brace  ( ) is 
used. 
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1.2.  To  locate  ungrounded  shorts  energize  the 
circuit  and  visually  check  the  operation  of 
the  circuit. 


All  of  the  lights  « 


Some  of  the  lights  ari 
isfactory  but  others  £ 


^ The  feeders  are  shorted  together.  ^ 


1.2.1.  To  locate  ungrounded  shorts  using  a 

hook -on  ammeter,  energize  the  circuit 
with  the  regulator  and  measure  the  cur- 
rent in  the  circuit  at  selected  test  points. 
Unless  the  circuit  is  turned  off  when  the 
ammeter  is  handled,  use  a hot-line 
clamp-stick  to  handle  the  ammeter. 


( 


The  short  is  between  the  lighted  and  the  adja- 
cent unlighted  units. 


1.2.2.  To  locate  ungrounded  shorts  by  open- 
circuit  test,  open  the  circuit  at  selected 
test  points  and  check  to  see  if  the  regu- 
lator is  turned  off  by  the  protective  re- 
lays as  the  circuit  is  energized. 


Q 


The  current  at  this  point  ^ 
is  very  low  or  zero. 


5 between  the  short  and  the  reg- 


Q 


y 


Vil 


The  protective  (PC)  relays 
turn  off  the  regulator. 


The  protective  (PC)  relays  ’ 
do  not  turn  off  the  regu- 
lator. 


P Repair  by  replacing  the  sections  of  cable  be- 
tween these  units. 

) 


5 between  the  short  and  the  reg 


) C 


(s 


necessary  to  locate  the  position 
more  exactly,  proceed  to  Steps 


on  of  the  short  \ 
1.2.1.  or  1.2.2.  J 


The  short  is  between  the  test  point  and  the  reg- 
ulator. 


9 


1.2.1. 1.  Continue  movin 
the  short  and  re 
1.2.1.  until  the 

1 the  test  point  toward 
peat  the  tests  of  Step 
hort  is  located. 

^Repair  both  sectitms  of  cable  which  contain 
the  short. 

1. 2.2.1.  Reconnect  the  o 
continue  movini 
the  short,  and  r 
1.2.2.  until  the 

3en  at  the  test  point, 
the  test  point  toward 
epeat  the  test  of  Step 
short  is  located. 

o Repair  both  sections  of  cable  which  contain 
the  fault. 
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2.1.  In  checking  for  input  voltage,  first  check 
lights  or  other  equipment  in  the  vault  that 
is  connected  to  the  same  phase  of  power 
for  its  ability  to  operate. 
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2.2.  To  check  ihe  protective  (PC)  relays  and 
the  remote  energizing  controls,  observe 
the  action  of  the  protector  and  series-cur- 
rent  relays  as  the  regulator  is  energized 
from  a control  panel. 


* The  protector  relay  opens 
before  the  series-current 
relay  has  time  to  operate. 


2.2.1.  Repeat  the  visual  check  of  operation  of 
the  protective  (PC)  relays  as  outlined  in 
Step  2.2.  as  the  regulator  is  energized 
from  each  of  the  other  control  panels. 


2.2.2.  Inspect  the  protector  and  series-current 
relays  for  burned,  dirty,  pitted,  cor- 
roded, or  poorly  adjusted  contacts;  for 
open  or  crossed  connections  in  the  wir- 
ing; for  binding  in  the  movement  of  the 
relays;  and  check  the  relay  coils  for 
opens  or  shorts. 


2.2.3.  Check  the  open-circuit  protection  by 

opening  the  output  circuit  of  the,  regulator 
and  measure  the  time  required  to  cum  off 
the  regulator  after  it  is  energized. 


The  relays  operate  satis- 
} factorily  from  all  control 
panels,  but  operation  may 
be  intermittent  from  too 
short  delay. 


J*  Both  relays  are  in 
factory  condition. 


. Measure  the  voltage  at  the  regulator  c 
trol  panel  between  CR  and  L^jR  as  tl 
control  circuits  are  energized  from  a 
control  panel  of  faulty  operation. 


The  regulator  does  not 
cum  off,  or  the  delay  is 
much  greater  or  less  than 
normal.  (Normal  time  is 
1/2  to  2 seconds  for  dif- 
ferent type  regulators.) 


The  regulator  is  turned  off  * 
after  the  normal  delay.  I 


©The  open-circuit  protection  is  satisfactory. 


2.2.6.  At  the  control-circuit  distribution  panel- 
board  measure  the  input  voltage  from 
each  side  to  neutral. 


^Adjust  the  protector  relay  to  turn  off  the  reg- 
ulator after  the  proper  delay  or  repair  or  re- 
place the  relay  and  repeat  Step  2.0. 


2.2.5.  Check  the  input  switch,  the  main  contac- 
tor, and/or  ^e  remote-control  oil  switch, 
and  the  remote-control  wiring  from  the 
regulator  control  compartment  for 
burned,  pitted,  dirty,  corroded,  or  poorly 
adjusted  contacts;  grounded,  open, 
shorted,  or  crossed  connections  or  wir- 
ing; sticking  or  unsatisfactory  operation; 
and  for  open  or  shorted  colls. 


2.2.8.  Measure  the  output  voltage  of  the  distri- 
bution panelboard  between  neutral  and 
and  the  transfer-control  circuit  with 
these  circuit  breakers  in  the  ON  posi- 


2.2.7.  Check  the  distribution  wiring  from  the 
incoming  primary  voltage  to  the  control 
distribution  panelboard  for  opens, 
grounds,  shorts,  or  faulty  components. 


: A switch,  contactor, 
control  circuit  is  not 
isfaciory. 

• replace  the  component  and 


The  switches,  contactors,  ^ 
and  control  circuits  are 
satisfactory. 

°The  energizing  control  circuits  are  satisfac- 
tory. if  all  control  panels  have  been  checked 
and  operate  satisfactorily. 


2.2.y.  Check  the  wiring  in  the  distribution  panel 
for  opens  and  loose  connections  and 
check  for  tripped  or  faulty  circuit  break- 


ORepair  or  replace  faulty  wiring  or  breakers. 

OReset  a tripped  breaker,  au3,  ii  it  trips  again, 
locate  the  overload  or  fault  in  the  circuits 
making  a careful  check  of  all  cables  and  com- 
ponents of  the  circuit  if  necessary,  and  re- 
pair. Repeal  Step  2.0. 


4 The  wiring  and  components 
Jare  satisfactory. 


2,2.10.  With  the  control  transferred  to  the  con- 
trol panel  being  tested,  measure  the 
voluge  at  the  control-panel  terminal 
board  between  Lj  and  ground  or  neutral 


®The  incoming  primary  voltage  has  failed.  Re- 
pair the  incoming  primary  voltage  or  report 
the  outage  to  the  proper  authorities.  Repeat 
Step  2.0. 


ORepair  or  replace  the  faulty  component  and 
repeat  Step  2.0. 


''  The  voltage  i 

2.2.11.  By  inspection  or  by  ohmmeter  or  volt- 
meter measurements,  check  the  Li  coi 
trol  circuit  from  the  control  distribution 
panel  through  the  transfer-relay  panel  to 
the  control  panel  for  opens,  shorts, 
grounds,  or  crossed  connections.  Also 
check  the  transfer  relay  for  proper  po- 
sition to  transfer  control  to  this  control 

— 


( 


If  the  faulty  component  is  a blown  fuse  and  afte 
replacing  one  time  it  blows  again,  locate  the 
overload  and  make  the  repairs. 


2.2.13.  For  the  circuit  being  energized  and 

tested,  measure  the  voltage  at  the  con- 
trol-panel terminal  board,  between  the 
corresponding  output  terminal  (9,  8,  or 
other)  and  ground  or  neutral. 


2.2.12.  Check  the  transfer-circuit  controls  by 
inspection  or  ohmmeter  measurements 
for  opens,  shorts,  grounds,  and  crossed 
connections  in  the  control  cable  from 
the  distribution  panelboard  through  the 
transfer  switch  to  the  transfer  relays. 
Check  the  relay  coils  for  opens  or 
shorts  and  the  relays  for  proper  opera- 
tion. Check  until  the  fault  is  located. 


2,2.14.  Check  by  inspection  or  ohmmeter  meas' 
urements  for  opens,  shorts,  grounds,  oi 
crossed  connections  in  the  energizing 
control  circuits  from  the  control  panel 
through  the  transfer-relay  panel  to  the 
regulator  control  compartment. 


©Find  the  fault  and  make  the  repairs  in  this 
control  panel  and  repeat  Step  2.0. 


There  are  faults  in  the  ^ 
energizing  control  circuits.  I 


©Make  the  repairs  and 
repeat  Step  2.0. 


©The  energizing  controls- 
from  this  control' ' 
panel  are  satisfactory. 


^ If  the  fault  is  a tripped  circuit  breaker  which 
continues  to  trip  and  if  the  overload  is  not  in 
the  control  panel,  check  for  grounds  or  shorts 
in  the  energizing  controls  as  directed  in  Step 
2 2 14  in  the  brighmess  controls  as  in  Steps 
2!3’.  through  2.3.6.  on  Plate  9,  or  in  the  circuit- 
selector  controls  as  in  Steps  2.4.  through  2.4.8. 
n Plate  10. 


©Make  the  repairs  and  repeat  Step  2.0. 
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4.0  BRIEF  STEP=.BY-STEP  TROUBLESHOOTING  PRXEDURE 

This  procedure  contains  the  essential  material  in  outline 
form  of  the  Detailed  Step-by-Step  Procedure.  Since  the  minimum 
of  instruction  for  tests  is  given,  this  brief  procedure  may  be 
satisfactory  only  for  personnel  familiar  with  maintenance  pro- 
cedures and  series  airfield  lighting  equipment. 

The  major  steps  and  tests  are  indicated  by  the  major  divi- 
sions. The  primary  subdivisions  indicate  the  possible  results 
of  these  tests  and  the  secondary  subdivisions  indicate  the 
corrective  action  or  direct  to  the  next  test  to  be  performed. 

To  avoid  confusion  or  misleading  results,  carefully  make  the 
tests  as  directed  in  the  procedure  starting  with  Step  A and 
consider  each  result  for  the  given  test  before  deciding  which 
result  is  applicable.  Three  or  four  major  tests  should  be  ade- 
quate to  locate  any  fault. 


BRIEF  STEP-BY»STEP  PROCEDURE  FOR  AIRFIELD  LIGHTING  SYSTEMS 


A.  To  determine  if  the  fault  is  in  the  field  or  in  the  vault, 
measure  the  output  load  current  from  the  regulator  to  the  cir- 
cuit being  tested  with  the  intensity  on  the  100%  intensity 
setting* 

1*  The  current  is  normal* 

a*  To  check  for  grounds  or  shorts  in  the  field  cir- 
cuit, proceed  to  Step  B« 

2o  The  current  is  too  high,  too  low,  or  zero* 

a*  To  determine  if  the  fault  is  an  open  or  overload 
of  the  field  circuits  or  if  it  is  in  the  vault, 
proceed  to  Step  D* 

Bo  To  determine  what  lights  are  operating,  visually  check  the 
operation  of  the  circuit  while  it  is  energized  at  a suitable 
intensity* 

1*  Some,  but  not  all,  of  the  lights  are  dim  or  out* 

a*  Replace  the  burned  out  lamps  or  faulty  components* 

b*  If  satisfactory  operation  is  not  obtained,  locate 
and  repair  all  grounds  or  shorts  between  the  satis- 
factorily and  unsatisfactorily  operating  lights* 

Use  the  liable  Test  - Detecting  set  (TSM-11), 
resistance  measurements,  or  intentional  grounds  to 
locate  the  faults  if  difficulty  is  encountered* 

2,  All  of  the  lights  are  dim  or  out* 

a*  Replace  the  burned  out  lamps  or  faulty  components* 

b*  If  satisfactory  operation  is  not  obtained,  proceed 
to  Step  C* 

3*  All  of  the  lights  appear  to  operate  satisfactorily,  but 
testing  the  insulation  of  the  circuit  is  indicated* 

a*  To  check  for  high-resistance  grounds  or  for  a 
single  low=resi stance  ground,  proceed  to  Step  C* 
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Co  Measure  the  insulation  resistance  of  the  entire  circuit  to 
ground  using  a limited-currento  high-voltage  insulation  tester 
(not  an  impulse-type  tester),  a raeggerp  or  an  ohmmeter  using  a 
suitable  rangeo 

lo  Low  insulation  resistance  - less  than  several  megohms  •= 
is  measured  indicating  high-resistance  grounds  or  a 
single  low-resistance  ground^  depending  on  the  value 
measuredo 

a«  Locate  and  repair  the  ground  (s)  using  the  Cable 
Test  - Detecting  Set,  TSM-ll^  resistance  raeasure- 
mentSp  or  intentional  grounds,  to  locate  the  faulto 

2o  The  insulation  resistance  is  satisfactory,  but  all  of 
the  lights  are  outo 

a»  If  the  output  load  current  is  normal,  locate  and 
repair  the  ungrounded  short  in  the  feeder  cableSe 
If  difficulty  is  encountered,  use  a hook-on  ammeter 
to  locate  the  shorto 

bo  If  the  brightness  setting  is  not  the  same  as  in 

Step  A,  check  the  output  load  current  at  this  inten- 
sity setting,  and  if  it  is  zero  or  very  much  too 
low,  proceed  to  Step  Go 

3o  The  insulation  resistance  and  the  operation  of  the 
lights  is  satisfactoryo 

a«  This  circuit  is  in  good  shapCo 

D*  To  determine  if  the  fault  is  in  the  field  or  vault  when  the 
load  current  is  not  normal,  short  the  circuit  being  tested, 
preferably  at  the  output  terminals  of  the  runway-selector  cabi- 
net, and  measure  the  short-circuited  output  current  of  the 
regulator  with  the  brightness  on  the  100%  setting,,  Short-cir- 
cuited output  current  as  much  as  0»2  ampere  greater  than  the 
load  current  is  considered  normal, 

lo  The  short-circuit  current  is  normal  but  the  load  current 
was  zerOo 

a»  The  circuit  is  open  or  the  regulator  is  greatly 
overloadedo  Proceed  to  Step  E« 
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2o  The  short-circuited  current  is  normal  but  the  load  cur- 
rent was  too  low,  indicating  that  the  regulator  is 
overloaded* 

a*  Redistribute  the  load  to  keep  within  the  rating  of 
the  regulator  or  obtain  a regulator  with  adequate 
capacity  for  the  circuit* 

bo  Locate  the  overload  fault  by  repairing  ground 
faults,  sectionalizing  the  circuit  to  locate  the 
overload  section,  or  sectional ize  and  compute  and 
compare  the  normal  and  actual  loads  and  make  the 
repairs* 

3«  The  short-circuited  current  is  normal  but  the  load  cur- 
rent was  too  high,  indicating  a number  of  isolating 
transformers  with  open  secondaries* 

a.  Replace  the  burned  out  lamps  or  faulty  components* 

bo  If  possible,  remove  any  series-multiple  transformers 
from  the  circuit* 

4*  The  short-circuited  current  is  not  appreciably  different 
from  the  load  current* 

a*  The  trouble  is  in  the  power  source,  controls  or 
regulator*  Proceed  to  Step  F* 

E*  To  determine  if  a fault  in  the  field  circuits  is  an  open 
circuit  or  a serious  overload,  de-energize  the  regulator  and 
measure  continuity  of  the  field  circuit* 

1*  The  circuit  does  not  have  continuity  or  its  resistance 
is  several  thousand  ohms,  indicating  an  open  circuit* 

a*  Locate  the  open  fault  by  locating  grounds,  using 
intentional  grounds,  resistance  measurements,  or 
using  the  Cable  Test  - Detecting  Set  and  make  the 
repairs* 

2o  The  circuit  has  continuity,  indicating  an  overload  which 
causes  the  protective  devices  to  turn  off  the  regulator. 
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3o  Locate  the  overload  fault  by  repairing  grounds^ 
sectionalizing  the  circuit  to  locate  the  section 
with  the  overloads  or  sectionalize  and  compute 
and  compare  the  normal  and  actual  loads  and  make 
the  repairs* 

F,  To  test  the  incoming  primary  voltage^  controls,  and  regu- 
lator^  short  circuit  the  output  terminals  of  the  runway- 
selector  cabinet  and  accurately  measure  the  short-circuited 
output  current  of  the  regulator  at  each  intensity  setting* 
(Normal  short-circuited  current  may  be  as  much  as  0*2  ampere 
above  rated  load  current*) 

lo  The  current  is  zero  at  all  times  for  all  brightness 
settings* 

a*  To  determine  if  the  fault  is  in  the  runway- 
selector  control  circuits  or  in  the  incoming 
primary  voltage^  energizing  controls,  or  regu- 
latorp  proceed  to  Step  G* 

2o  The  current  is  proportionately  too  high  or  too  low 
for  each  brightness  setting  (making  allowances  for 
no-load  effect  on  current)  but  is  not  zero^  indicating 
improper  regulator  adjustment* 

a*  Properly  set  the  tap-selector  switch  for  the  input 
voltage  when  the  regulator  is  energizing  a suitable 
field  circuit  without  faults* 

b*  Repair  or  replace  the  regulator* 

3«  The  current  reads  momentarilyp  then  becomes  zero^ 

indicating  that  the  regulator  is  being  de-energized  by 
the  protective  relays* 

a*  Adjust^  repair,,  or  replace  the  series-current  and 
protector  relaySc  coilSo  contactSo  dashpots,  or 
connections* 

4*  The  current  is  normal  for  one  or  more  settings,,  but  is 
too  highs  lowg  or  zero  for  other  settings^  indicating 
faults  in  the  brightness  control  circuit* 
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3o  Adjust^  repair^  or  replace  the  brightness  control 
relaySo  contacts^  or  connectionso 

bo  Check  and  repair  control  voltage,  contacts,  and 
wiring  for  each  relay  in  the  regulator  control 
panel 0 

Co  Check  and  repair  the  control  voltages,  selector 
switches,  wiring,  and  connections  in  the  lighting 
control  panelo 

do  Check  and  repair  the  control  cables  and  connections 
and  the  transfer  relay  panel  for  opens,  shorts, 
grounds,  or  crossed  connections^ 

e»  Check  for  and  e^minate  troublesome  induced 
voltageSe 

fo  Repair  the  faults  in  the  regulator  tanko 

5»  The  current  is  normal  at  all  times  for  all  brightness 

settings^ 

a<>  To  check  operation  from  other  control  panels^ 
proceed  to  Step  H, 

G»  To  determine  if  the  fault  is  in  the  circuit-selector  controls 
or  incoming  primary  voltage,  regulator,  or  other  controls,  move 
the  short  circuit  to  the  output  terminals  of  the  regulator  and 
repeat  the  short-circuited  current  measurements  of  Step  F for  all 
brightness  settings. 

1,  The  current  is  still  zero  at  all  times  for  all  brightness 

settings^  indicating  either  no  input  voltage  to  the  regu- 
lator, or  a faulty  regulator. 

a.  Replace  the  fuses  in  the  cutouts  and  check  as  the 
circuit  is  re-energized.  Locate  and  repair  the 
faulty  equipment  if  failure  again  occurSc 

b.  Properly  set  all  circuit  breakers  and  selector 
switcheso 
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Co  Check  the  energizing  circuit  (Lj  and  CR)  and 
repair  switches,  relays,  connections,  and  cables 
as  requiredo 

d.  Check  the  remote-controlled  oil  switch  coils, 
contacts,  operation,  and  control  wiring,  making 
repairs  as  required* 

6o  Locate  the  fault  in  the  incoming  primary  voltage 
to  the  vault  and  repair* 

f*  Properly  seat  the  tap-selector  switch  or  repair 
the  regulator* 

g.  Check  the  transfer  relays,  switch,  and  transfer 
control  circuit  and  repair  as  required,  or  proceed 
to  Step  Ho 

2o  Current  is  now  present  at  least  momentarily  for  one  or 
more  brightness  settings,  indicating  the  previous  re- 
sult in  Step  F was  from  faulty  circuit-selector  controls* 

a.  To  check  the  circuit-selector  controls,  proceed  to 
Step  lo 

H,  To  test  operation  from  other  control  panels,  transfer  the 
controls  and  repeat  the  tests  of  Step  F for  each  control 
panel* 

1*  The  short-circuited  output  current  on  one  or  more  in- 
tensity settings  is  appreciably  different  from  two 
or  more  control  panels,  indicating  a fault  in  the 
transfer  controls  or  in  the  controlling  components  or 
circuits  for  the  control  panel  with  the  faulty  operation. 

a.  Locate  the  faults  in  the  transfer  relays,  switch, 
connections  or  contacts,  or  cables,  and  repair  as 
required* 

b*  Locate  the  faults  in  the  control  circuits  indicat- 
ing the  faulty  operation,  and  repair  as  required* 

2.  The  faulty  operation  is  the  same  from  all  control 
panels,  indicating  a fault  in  the  regulator  control 
compartment,  transfer  relays,  control  circuits  common 
to  the  control  panels,  or  regulator* 
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a.  The  fault  is  in  the  control  circuits  or  regulator 
and  the  results  of  Steps  F and  G should  indicate 
the  location  of  the  fault* 

3o  The  short-circuited  current  is  normal  for  all  intensity 
settings  from  all  control  panels* 

a*  To  determine  if  intermittent  operation  may  be 
occurringo  proceed  to  Step  J* 

I,  To  determine  if  the  circuit-selector  controls  are  operating 
satisfactorily^  remove  the  short  circuits  from  all  circuits 
connected  to  the  regulator  and  with  the  field  circuits  connected, 
check  operation  of  all  circuits  by  measuring  the  regulator  output 
current  as  each  circuit  is  selected  from  each  control  panelo 

1.  Output  current  is  present  on  some  circuits  from  all  con- 
trol panels  but  is  not  present  on  other  circuits,  in- 
dicating a fault  in  the  runway-selector  cabinet  or 
control  circuits  common  to  the  control  panels, 

a.  Locate  the  faults  in  the  runway-selector  relays, 

cutouts,  contacts,  controls,  or  circuits,  and  repair 
as  required* 

b*  Locate  and  repair  the  faults  in  the  unsatisfactory 
field  circuits,  proceeding  as  in  Step 

2.  Output  current  on  the  same  circuits  is  present  from 
some  but  is  not  present  from  other  control  panels,  in- 
dicating faults  in  the  control  circuit  from  the  panel 
with  unsatisfactory  operation* 

a*  Locate  the  faults  in  the  transfer  relays,  controls, 
or  control  circuits  and  repair  as  required* 

bo  Check  and  satisfactorily  eliminate  any  trouble- 
some induced  voltages* 

3.  Output  current  is  present  and  satisfactory  for  all 
circuits  from  all  control  panels* 

a*  The  control  circuits  are  satisfactory  at  present 

but  to  check  for  intermittent  operation  or  potential 
faults,  proceed  to  Step  J* 
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J.  Inspect  all  contacts,  connections,  and  components  for 
arcing,  dirt,  corrosion,  or  failures  which  may  cause  inter- 
mittent or  deteriorating  performance* 

1.  Faults  or  faulty  equipment  are  located, 
a.  Repair  as  required. 

2.  No  faults  or  faulty  equipment  are  present, 

a.  This  circuit  and  equipment  should  operate  satis- 
factorily* 
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5oO  TROUBLESHOOTING  BY  SYMPTOMS 

Troubleshooting  by  symptoms  is  an  efficient  and  desirable 
method  of  locating  faults,  but  the  effectiveness  of  this  method 
depends  upon  the  ability  and  experience  of  the  maintenance 
personnel  For  some  types  of  faults  the  symptoms  may  indicate 
the  location  of  the  fault  immediatelyo  but  for  other  faults  in 
a system  as  complicated  as  airfield  lighting,  considerable 
step-by-step  testing  may  be  required  to  isolate  and  locate  the 
faulto  If  the  symptoms  create  confusion  or  the  faults  can  not 
be  adequately  located  by  using  the  symptoms  method,  a step-by- 
step  procedure  should  be  usedo 

The  symptoms  method  as  given  in  this  report  not  only 
covers  the  symptoms  which  locate  the  more  easily  located  faults, 
but  also  includes  briefly  the  tests  and  steps  required  to 
isolate  to  the  circuits  the  faults  most  likely  to  occur.  To 
locate  the  fault  after  isolating  it  to  the  circuit,  use  general 
maintenance  methods.  The  symptoms  given  here  do  not  cover  all 
possible  faults,  but  the  more  probable  faults  are  included. 

The  basic  symptom  is  given  in  the  heading  and  the  probable 
faults  producing  this  symptom  are  listed  under  this  heading. 
Consider  all  of  the  probable  causes  listed  when  locating  the 
fault.  When  the  basic  symptom  is  not  adequate  for  identifying 
the  probable  cause  of  the  trouble,  certain  other  tests  or 
measurements  are  given  to  provide  the  additional  information 
needed  to  determine  the  trouble.  Some  faults,  dr  causes  of 
troubles,  e,g,,  grounds  or  opens  in  field  circuits,  that  may  re- 
quire appreciable  effort  to  locate  are  treated  in  Section  5,2, 
-Checks,”  Suitable  checks  and  methods  of  locating  the  fault 
closely  enough  for  repair  are  then  indicated.  Since  it  is  im- 
practical to  prepare  a method  of  troubleshooting  by  symptoms 
which  includes  all  possible  faults,  use  step-by-step  procedures 
whenever  necessary. 
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5, 1 SYMPTOMS 

A,  SOME  OF  THE  LIGHTS  ON  A CIRCUIT  ARE  DIM  OR  OUT, 

lo  Water  in  bases  of  lights  of  a straight  series  circuita 

2o  Two  or  more  grounds  in  the  cable  between  the  lights 
that  operate  properlyo 

3o  Lamps  or  film  cutouts  burned  out,^  or  defective 
isolating  transformers, 

4.  Wrong  wattage  lamps  or  isolating  transformers. 

B,  ALL  LIGHTS  OPERATE  FROM  ONE  CONTROL  PANEL  BUT  SOME  CIRCUITS 
OR  ALL  LIGHTS  FAIL  TO  OPERATE  FROM  OTHER  CONTROL  PAnELS„ 

lo  Faulty  switch  or  contacts  in  the  control  cabinet 
that  fail  to  operate  the  lights, 

2o  Contacts  or  connections  in  transfer  relay  improperly 
adjusted  or  loose, 

3,  Cable  to  inoperative  control  cabinet  open  or  grounded, 

C,  ALL  OF  THE  LIGHTS  ON  ONE  CIRCUIT  ARE  DIM, 
lo  Feeder  cables  have  two  or  more  grounds, 

2,  Regulator  overloaded^  ^ 

a.  If  a new  installation! 

Too  many  lights  on  the  circuit. 

Wrong  wattage  lamps. 

Wrong  type  isolating  transformers, 

b.  If  an  old  installations 

New  lights  added  to  the  circuit  causing  overload. 
Wrong  wattage  lamps. 
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3o  Low  input  primary  voltage  to  the  regulatoro 
a<>  Improperly  set  tap-selector  switch, 
bo  Incoming  power  failure* 

Co  Brightness  selector  controls  faulty* 


Do  ALL  OF  THE  LIGHTS  ON  ONE  CIRCUIT  ARE  OUT. 

lo  If  lights  on  other  circuits  from  the  same  regulator 
will  not  operate^  the  fault  is  either  in  the 
regulator  or  control  circuits* 

2o  If  other  circuits  from  the  same  regulator  operate 
normally^  the  fault  is  either: 

3o  Grounded  or  shorted  feeder  cables. 

bo  Open  circuit  in  the  feeder  cables,  field  circuit 
cables,  or  primary  winding  of  isolating 
transformers* 

Co  Lamps  burned  out. 

do  The  runway-selector  controls  for  this  circuit  are 
faulty. 

3o  If  this  is  the  only  circuit  on  the  regulator,  discon- 
nect the  field  circuit  and  place  a jumper  across  the 
terminals  and  measure  the  output  current. 

a.  If  the  current  is  normal  for  the  brightness 

setting  selected,  the  fault  is  in  the  field  cir- 
cuit — grounds  or  shorts,  opens,  or  burned  out 
lamps. 

bo  If  the  current  is  not  normal  for  the  brightness 
setting  selected,  the  fault  is  in  the  regulator 
or  the  control  circuitSo 
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5.2  CHECKS, 

A,  TO  DETERMINE  IF  THE  FAULT  (ALL  LIGHTS  ON  ONE  CIRCUIT  ARE 
OUT)  IS  IN  THE  FIELD  OR  IN  THE  VAULT  AND/OR  CONTROL 
CIRCUITS.” 

lo  Disconnect  the  field  circuit  feeder  cables  from  the 
runway-selector  cabinet,  or  regulator,  if  no  se- 
lector cabinet  is  used,  short  circuit  the  output 
terminals  with  a suitable  jumper,  and  measure  the 
output  currento 

a.  If  the  current  is  normal  for  the  brightness 
selected,  the  fault  is  in  the  field  circuit® 

b.  If  the  current  is  not  normal  for  the  brightness 
selected,  the  fault  is  in  the  regulator  or 
controls, 

B.  TO  DETERMINE  THE  APPROXIMATE  LOCATION  OF  A GROUND  IN  A 
FIELD  CIRCUIT  CABLED 

1.  With  all  of  the  lamps  in  the  circuit  in  operating 

condition,  remove  any  intentional  grounds  on  the  cir- 
cuit and  connect  a suitable  grounding  jumper  from 
one  leg  of  the  field  feeder  cable  to  ground  at  the 
runway-selector  cabinet,  or  at  the  regulator  if  no 
selector  cabinet  is  used.  Measure  the  output  current 
of  the  regulator  through  the  jumper  with  the  circuit 
turned  on  at  brightness  setting  B5, 

a.  If  NO  CURRENT  is  measured  in  the  grounding  jumper 
and  output  current  from  the  regulator  is  present, 
the  circuit  is  usable, 

bo  If  the  CURRENT  IN  THE  JUMPER  is  approximately  the 
same  as  for  setting  B5,  the  circuit  is  grounded. 
The  approximate  location  of  the  fault  can  be 
determined  by  visually  checking  the  lights  in  the 
field  while  the  circuit  is  turned  on  and  the 
grounding  jumper  is  still  connected. 

If  NONE  OF  THE  LIGHTS  ARE  OUT  OR  DIM,  the  fault  is  in 
the  feeder  cable  that  has  the  grounding  jumper  con- 
nected to  it. 
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If  ALL  OF  THE  LIGHTS  ARE  OUT,  the  fault  is  in  the 
feeder  cable  that  does  not  have  the  grounding  jumper 
connected  to  it« 

If  SORE  OF  THE  LIGHTS  ARE  OUT,  the  fault  is  between 
the  last  light  that  operates  normally  and  the  first 
light  that  is  outo 

If  SOME  OF  THE  LIGHTS  OPERATE  NORMALLY.  SORE  ARE  DIM. 
AND  SOME  ARE  OUT,  there  are  several  partial  grounds 
between  the  light  that  operates  normally  and  the 
first  light  that  is  outo 


Co  TO  DETERMINE  THE  APPROXIMATE  LOCATION  OF  AN  OPEN  CIRCUIT 
FAULT  IN  A FIELD  CIRCUIT? 

lo  With  all  lamps  in  the  circuit  in  operating  condition, 
connect  a suitable  grounding  jumper  from  one  leg  of 
the  field  circuit  feeder  cable  to  ground  at  the  run- 
way-selector  cabinet,  or  at  the  regulator  if  no 
selector  cabinet  is  usedo  At  some  convenient  loca- 
tion near  the  midpoint  of  the  circuit,  connect  the 
circuit  cable  to  a GOOD  GROUND  and  turn  on  the  circuit# 

a#  IF  NO  LIGHTS  OPERATE,  the  open  fault  is  not  between 
the  two  grounds#  Move  the  grounding  jumper  in  the 
vault  to  the  other  feeder  cable#  If  the  lights 
still  do  not  operate,  there  are  two  open  faults 
in  the  field  circuit# 

b#  IF  HALF  OF  THE  LIGHTS  OPERATE  with  the  grounding 
jumper  placed  on  one  of  the  feeder  cables  in  the 
vault,  the  open  fault  is  not  in  the  section  of 
lights  that  now  operate#  Move  the  field  grounding 
jumper  to  another  point  in  the  section  of  the  circuit 
where  the  lights  do  not  operate  and  repeat  the  test  un- 
til a point  is  reached  where  none  of  the  lights  operateo 
The  open  fault  will  be  between  the  point  at  which 
the  lights  operate  and  the  point  at  which  they  do 
not  operate#  If  the  field  grounding  jumper  has 
been  moved  to  the  field  end  of  the  grounded 
feeder  cable  and  all  of  the  lights  still  operate, 
the  open  fault  is  in  this  feeder  cable# 
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D,  REGULATOR  AND  CONTROL  CIRCUIT  CHECK: 

lo  Disconnect  all  of  the  feeder  cables  from  the  output 
terminals  of  the  runway- selector  cabinet,  or  from  the 
load  side  of  the  protective  relay  if  no  selector 
cabinet  is  used,  and  then  turn  on  the  circuit  from  a 
control  panel.  Do  not  disconnect  by  pulling  the 
series  plug  cutouts, 

a.  The  protective  relay  should  operate  immediately  (in 
a few  seconds)  and  open  the  primary  input  voltage 
switch. 

If  the  regulator  DOES  NOT  turn  off  immediately  (in 
a few  seconds),  turn  it  off  with  the  control 
panel  switch.  The  protective  relay  is  faulty. 

If  the  regulator  is  turned  off  immediately^  by  the 
protective  relay,  the  protective  relays  are 
operating  satisfactorily, 

2o  Short  circuit  the  output  terminals  of  the  runway- 
selector  cabinet,  or  of  the  regulator  if  no  selector 
cabinet  is  used,  and  with  the  regulator  turned  on, 
measure  the  output  current  for  each  brightness  setting, 

a.  If  the  currents  are  approximately  the  same-as  the 
values  shown  on  the  nameplate  for  each  brightness 
setting,  the  regulator  is  operating  normally, 

bo  If  the  current  reading  is  the  same  for  two  or  more 
brightness  settings  or  the  readings  are  not  in 
order,  a cross-connection  exists  in  the  control 
cables,  control  cabinet,  or  transfer  relay, 

Co  If  there  is  no  current  for  one  or  more  brightness 
settings  and  the  brightness  control  relays  appear 
to  operate  normally,  there  is  a fault  in  the 
regulator  or  there  are  bad  contacts  on  the  bright- 
ness control  relays. 
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do  If  no  current  is  read  on  one  or  more  brightness 
settings  and  the  brightness  control  relays  are 
not  operating  correctly^  there  is  a fault  in  the 
control  cable^  control  cabineto  or  transfer  relay* 

eo  If  the  current  is  more  than  5%  above  or  below  the 
values  shown  on  the  regulator  nameplate^  reconnect 
all  circuits  and  check  the  output  current  again^ 
and  if  it  is  still  too  high  or  too  low^  adjust  the 
tap-selector  switch  in  the  regulator  for  an  output 
current  nearest  6*6  (or  20)  amperes  with  the  control 
panel  selector  switch  set  on  brightness  setting  85* 

fo  If  the  current  is  zero  for  all  brightness  settings, 
the  incoming  primary  voltage,  the  regulator,  or 
the  controls  have  failed* 


E*  SETTING  THE  REGULATOR  TAP-SELECTOR  SWITCH; 

1*  With  all  lamps  on  all  circuits  in  operating  condition, 
and  no  grounds  or  open  faults  on  any  circuit,  connect 
an  accurate  ammeter  to  the  instrument  current  trans- 
former output  terminals,  or  if  no  instrument  trans- 
former is  in  the  regulator,  connect  a suitable  transform- 
er and/or  accurate  ammeter  into  one  of  the  regulator 
output  cables  and  measure  the  output  current  into  each 
circuit  at  all  brightness  settings* 

a*  Select  the  most  used  runway  if  all  of  the  runway 
lights  on  the  field  are  the  same  type  or  select  the 
runway  with  the  most  high-intensity  lights  if 
different  types  are  used,  and  set  the  tap-selector 
switch  so  that  with  the  brightness-selector  switch 
set  on  85  the  output  current  is  as  nearly  6*6  (or  20) 
amperes  as  possible*  One  or  two  tenths  of  an  am- 
pere below  6,6  (or 20)  amperes  is  preferred  rather 
than  above*  This  does  slightly  reduce  the  lamp 
intensity  on  brightness  85,  but  the  overcurrent 
can  reduce  the  lamp  life  on  step  85  significantly* 

b*  If  unable  to  raise  the  current  to  6,6  (or  20)  amperes 
with  the  tap-selector  switch,  check  input  voltage 
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to  the  regulator  to  see  if  it  is  within  the 
limits  of  the  tap-selector  switch.  If  so^  check 
by  calculations  or  by  current  and  voltage  readings 
of  the  output  to  determine  if  an  overload  exists. 
If  no  overload  exists  and  the  input  voltage  is 
within  the  range  of  the  tap-selector  switch,  there 
is  a fault  in  the  regulator. 
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